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SUMMARY 
6p- Acetoxy -3~- benzyloxy -5n- androstan-5- 01 -17-
one (51), prepared from androstenolone, underwent Westphalen 
rearrangement to give the 51'- methyl _~ 9(10) - compound 
Lead tetraacetate functionalisation of the 51'- methyl 
group in the 31'- hydroxyl derivative (53) gave 61'- acetoxy -
31',5- oxaethano -19- nor -51'- androst -9(10)- ene -17- one 
Westphalen rearrangement of 61'- cyano - 31'- methoxy -5n-
cholestan -5- 01 (56) cave the 61'- cyano - 51'- methyl -
derivative (57). Hofmann - Loffler cyclisation of the 61'-
N- chloro -N- ethylamino - methyl derivative (62), prepared 
from this cyano - compound (57), cave none of the an.ticipated 
cyclic product (63), but, instead, the products were deduced 
as being mainly dimeric species (68 and/or 69), in which the 
51'- methyl croup had probably been functionalised. 
31',61'- Diacetoxy -101'- ethenyl -5n- androstan -5-01-17-
one (120) was prepared from androstenolone -3- acetate (43) 
via lead tetraacetate - iodine functionalisation of the C-(lO) 
methyl e;roup in the bromohydrin derivative (110). Hearrangement 
of this diacetate (120), under Westphalen conditions, gave the 
51'- ethenyl -19- nor - ~9(10) - compound (121). 
Acetylation of the C-(19) alcohol derivative (113), from 
this above route, followed by selective hydrolysis, tosylation 
and methanolysis, yielded the 313- methoxy -19- alcohol (128), 
from which the 6~- acetoxy -31'- methoxy -1013- ethenyl - compound 
(133) was prepared. Westphalen rearrangel'ent of this 1013-
(i) 
ethenyl - compound gave the 513- ethenyl -19- nor_l19 (lO)_ 
compound (134). 
The results of deuteriation studies in the rearrangement 
of both the 6~- acetoxy -313- methoxy -101>- ethenyl - derivative 
(133), and the analOGOUS cholestane derivative (154),to the 
respective 51>- ethenyl -19- nor _Ll9(10) - products (134) and 
(155) did not support the previous suggestions that a 
protonated cyclopropyl intermediate is probably involved. 
Mixtures of the 5,6- epoxides (165), (166), (167), and 
(168), (169). (170) \'Iere isolated from the crude reaction 
mixtures of the decompositions of the 31>- methoxy -5a- bromo 
-61>- hydroxy - steroids (156), (123) and (157) respectively. 
The 51>- hydroxy -6a- bromo - compounds (171), (172) and (173.) 
were also obtained. The cholesteryl bromohydrin (156) gave, 
-in bOilinG methanol, the dimethoxy - compounds (161) and (162). 
Hethanolyses of the 31>- acetoxy - bromohydrins (142), (110) 
and (160) at elevated temperatures, in the presence or absence 
of solid sodium hydrogen carbonate, gave the corresponding 
313- acetoxy -51>,613- epoxides (184), (185), (186), the 31>-
hydroxy - 513.61>- epoxides and/or the 5a- methoxylated compounds 
(178 - 183 inclusive>. 
PART I 
Functionalisation of Unreactive Carbon Atoms 
in the Steroid Nucleus 
INTRODUCTION 
The discoveryl that the 14~, 17a- isomer of 19-
norprogesterone (2), prepared by Ehrenstein2 from. 
strophanthidin (1), in 1944, possessed as much hormonal 
activity as progesterone, led to extensive research into 
furthering synthetic routes to 19- norsteroids. 
OHC 
OH 
HO o 
OH 
1. 2. 
3 Previously, Inhoffen had reported a pyrolytic synthesis 
of oestradiol from cholesterol, involving a long series of 
steps and culminating in a poor yield. Later attempts at 
. 4 5 pyrolytic preparatl.ons of oestrone , and 6- dehydrooestrone , 
proved more successful, giving ~ 20 and 40 percent. 
yields, respectively, from Ll l ,4 - androstadiene - 3,17- dione 
11 1,4,6 . 
and ~ - androstatriene - 3, 17- dione. More recently 
an oestrone preparation which does not include a pyrolysis 
6 
stage, has been developed , whereby the C-(lO) angular methyl 
1 
group, inLl 1,4_ androstadiene -3,17- dione, is reductively 
removed using lithium and biphenyl in the presence of 
diphenylmethane. which is weakly acidic. 
A major breakthrough, in the synthetic approaches to 
7 
. 19- norsteroids, was achieved by Birch , who applied his, now 
familiar, metal-ammonia reduction technique to· preparing 19-
nortestosterone (5) from oestradiol monoglyceryl ether 
(3, R = glyceryl), via the enol ether (4, R = glyceryl). 
OH 
Ra RO 
3. 4. 
o 
5. 
This procedure was later modified by Wilds8 , who used 
lithium in liquid ammonia to reduce the 3- methyl ether 
derivative (3, R = CH3 ). 
The Birch reduction method waS utilised to a large extent 
during the following decade, in a search for further, more 
2 
active, 19- norsteroids, and 19- norprogesterone9 , 19-
norcorticosteroidslO , 17a- alkylll_ and 17a- ethyny~2 
derivatives of 19- norsteroids were all prepared from aromatic 
A- ring compounds in this period. 
However,a need for alternative routes, both to 19-
norsteroids and to naturally occurring hormones, e.g. 
aldosterone (6), was apparent, and this requirement promoted 
research into methods, previously regarded as impracticable, 
of attacking the quaternary methyl group in the steroid 
molecule. 
o o 
aldehyde form hemi - acetal form 
6. 
There emerged, from such work, the realisation that hydrogen 
transfer can occur from an unactivated methyl group, by the 
generation of a free radical or similar reactive species in 
close conformational proximity to that methyl group. A 
diaxial relationship is required between the methyl group and 
3 
the reactive species, when the transfer takes place through a 
six-membered transition state (7), as shown in Scheme 1. 
) 
H-
A .... \tH 
U 2 7. 
PRODUCT <: 
Scheme 1. 
The first successful introduc.tion of a c-(18)- substituent 
was achieved independently by corey13 and Jeger14,who applied 
the Hofmann-Loffler principle, drawn from another f.ield of 
chemistry, to steroid synthesis. 
lIofmann15 , whilst studying the reactions of N- bromoamides 
and N- bromoamines, treated N- bromoconiine (8) with hot 
sulphuric acid and observed the formation of a tertiary amine, 
which was later shown16 to be b- coneceine (9). 
8. 9. 
Some 25 years later Loff1er and co-workers reported further 
examples of this type of cyc1isation17, and it was s~on 
realised that this N- ha10amine reaction provides an 
efficient method 
Corey13 and 
for the 
14 Jeger 
synthesis of many cyclic amines. 
photolysed the N- chloramine (10), 
represented in Scheme 1 when A = N; X = Cl, in 96 percent. 
sulphuric acid solution. The chlorine atom exchanged with 
the hydrogen atom at the unactivated C- (18) position (11), 
and base work-up afforded the cyc1isation product, 
dihydroconessine (12). 
10. 11 . 12. 
Other acidic media have been utilised in order to optimise the 
yield of cyclisation product. Neale and Walsh18 reported the 
results of several experiments, with dibuty1amine, in which 
concentrated sulphuric acid was diluted with 1.5 M.water in 
glacial acetic acid, finding that a 4 M. sulphuric acid 
solution, in this aqueous acetic acid, produced the highest 
yield of pyrrolidine-type products. Kerwin19 discovered that 
trif1uoroacetic acid was distinctly advantageous for steroids, 
5 
'in that it increased subst·rate solubility and decreased ionic 
side-reactions involving other functional groups, such as 
c = c, c = 0, likely to be present in the steroid molecule. 
Good yields of the expected cyclic products were also achieved. 
Excellent reviews of, the Hofmann-Loffler reaction have 
, 20,21 been pUblished • 
The photolysis of a steroidal nitrite (A = 0; X = NO in 
Scheme 1) to give a nitroso compound, now well known as the 
Barton reaction, was originally successfully applied to the 
22 
synthesis of aldosterone (6) ,from the ll~- nitrite (13), 
and involved functionalisation of the C~(13)- methyl group, to 
sive a nitroso compound which was isolated as the oxi~el 11 l. 
NOH CH20H 
11 I 
CH 0 
C~OH 
I 
CO 
HO 
14 . 
13. 
OHC 
6. 
6 
Since then, there have been. many similar reactions 
wherein photolyses of nitrites, at other skeletal positions, 
have been carried out, for example, at 2~_23 and 6~_24,25 
in order to functionalise the C-(lO)- angular methyl group; 
26 
at 6~- and 6~- for subsequent functionalisation of the 
c-(4)- methyl groups and at 7~_27 to functionalise the C-(14)-
methyl group in some 
dioxygenated steroid 
lanostane derivatives. An 18, 19-
28 has recently been reported ,subsequent 
to functionalisation of both the C-(lO)- and C-(13)- angular 
methyl groups in the same molecule. 
The Barton-type reactions have been reviewed by A.L. 
Nussbaum and C.B. Robinson 29. 
The homolysis of hypohalites, which gives alkoxy radicals 
(A = 0; X = Halogen in Scheme 1) has beensuocessfully used for 
functionalisation at unreactive positions. Tetrahydrofuranoid 
derivatives are usually the products isolated after basic 
treatment of the intermediate halo-alcohols. Hypobromites and 
hypochlorites have been utilised24 ,30-32, but the more reactive 
hypoiodites are now preferred, and a large variety of such 
reactions, resulting in functionalisation of the angular methyl 
groups at C-(lO)- or C-(13)- have been studied by several 
workers 33-39, whilst a comprehensive review has recently become 
available40 • 
The hypoiodites are generated in situ, from the alcohols, 
by lead tetraacetate and iodine. Unlike the Barton reaction, 
where only a single intramolecular reaction can occur, the 
hypoiodite reactions often result in complex mixtures. These 
7 
arise by further reaction of the initially formed 
monoiodinated alcohol (15) by way of a radical attack at 
the b- carbon atom, as indicated in Scheme 2, affording an 
iodoether which, on hydrolysis, yields the hemi-acetal (16). 
The product distribution, of either simple cyclic 
ethers or of the hemi-acetals derived from a bifunctional 
attack, is markedly dependent upon the steric relationship 
of the monoiodinated alcohol intermediate (15). Cyclic 
ether formation requires this iodohydrin to be of the 
conformation (17), which will allow rear-side attack, by 
the oxygen substituent, to occur via a linear transition 
state (0------ CH2 ------1). This may involve either an· 
SN2 process, by attack of the C- (6).oxygen lone pair on 
the C- (19)- iodomethyl group, or an SH2 reaction through 
an alkoxy radical intermediate (18). 
likely 35. 
The latter is most 
41, 42 Recent research has also substantiated the 
predictions of Heusler and Kalvoda 35 concerning the 
maximum distance required, between the angular methyl group 
and the oxy-radical, for hydrogen abstraction to occur. 
8 
I 
H/AAO 
U 
I . 
/ HC-O 
>U 
I 
.r--/.-'H 
OH 
17. 
Scheme 2. 
9 
15 
·1 
OH 
/ HC-O 
~U 
15. 
Kalvoda43 has utilised the lead tetraacetate-iodine 
photolytic method, in a novel way, to prepare the 18-cyano-
20-keto steroid (20) from the cyanohydrin (19). 44 More recently / 
the 20-ethyleneketal derivative (21) of this cyano-ketone was 
used to prepare a Hofmann-Loffler - type cyclisation product. 
Reduction of the nitrile group to give the amino-ketal (22), 
followed by ring closure with 60 percent. acetic acid, afforded 
the cyclic imine (23). 
AeO 
19. 
CN OH 
10 
$ 
.-
--
21. 
CN 
20. 
n 
o 
'--CH 3 
n 
o 0 
22, 23, 
othe~ less common/photolytically induced hydrogen transfer 
reactions, which have not been discussed, occur .on 
irradiation of N- iodoamides 45,46 and nitroso_amides47 ,48. 
Jeger and co-workers 49 discovered, soon after the first 
successful functionalisation, that lead tetraacetate, in 
boiling benzene, converted a steroidal alcohol into a cyclic 
ether. Later, model experiments 50 indicated that the 
major products were cyclic ethers, which were usually 
tetrahydrofuranoid derivatives, and carbonyl compounds. A 
variety of cyclic ethers, prepared from the corresponding 
steroidal alcohols, using lead tetraacetate in refluxing 
. . 51-56 benzene, have been reported • 
Product ratios depended upon the solvent used, with cyclic 
ethers predominating in neutral, non-polar solvents whilst the 
formation of carbonyl compounds was enhanced by polar or basic 
solvents. Consequently 'it was considered 'that an initially 
formed lead alkoxide undergoes either homolytic, or heterolytic, 
cleavage according to Scheme 3. 
11 
R' 
POLAR 
R-(CH2)2-!=O 
CLEAVAGE 24. 
HOMOLYSIS 
[R - (CH2)2 ----r=O----Pb(OAC )3J 
R 
c-c AND 
Pb-O BOND 
CLEAVAGE 
• I 
R-CH2-CH2 + R CHO 
26. 27. 
t 
OLEFINS OR ACETATES 
Scheme 
12 
Pb-O BOND 
FRAGMENTATION 
Pb(OAC) 
+ 3 
R-(CH2)2-r -0 
R' 
25. 
1 
CYCLIC ETHERS 
3. 
The lead alkoxide therefore undergoes either rapid polar 
elimination of H+ and Pb (OAC); to give the ketone (24), or 
a slower homolysis of the alkoxy-lead bond to form the alkoxy 
radical (25). Alternatively cleavage of both the a,~ carbon -
carbon bond and the Pb-O bond affords a mixture of stable 
products, via the alkyl radical (26) and the carbonyl compound 
(27) • A cyclic ether is formed from the alkoxy-radical (25), 
by way of the transition state (28), as shown in Scheme 4, 
(----~) by direct oxidation when a rigid conformation, such as 
that of the steroid molecule, exists. Otherwise the cyclic 
ether is obtained by way of carbonium ion intermediates, also 
shown in Scheme 4. 
25. 
Pb(OAC) 
• EB \ 3 
:::C
U
. OH H2C OH H2C OH +-(-U~(-U 
e 
+ Pb(OAC) 
3 
Scheme 4-. 
H2C-O U 
13 
+ AcOH 
The intermediates in the lead tetraacetate 
functionalisation reactions are clearly not a~ sterically 
demanding as the iodo-alcohol intermediate in the hypoiodite 
reactions, and consequently the route can be utilised for 
introducing substituents at sterically crowded o-carbon atoms. 
Other factors affecting the course of the free radical 
reactions, which include neighbouring group, and substitution, 
effects, are well documented 35,40,57. 
The Westphalen diel diacetate (29)58 (see Introduction 
Part II) is formally a 19- norsteroid. 
AeO 
H3C OAe 
29. 
However, vel'y little significant biological activity has 
been reported for this and closely related compounds 59. 
The functionalisation of the 5~- methyl group in several 
ccmpounds related to the Westphalen d~ in, mainly, the 
60,61 
cholestane series, has been reported in these laboratories 
14 
The major products isolated from the lead tetraacetate 
reaction of both the 3~- hydroxy- ~ 9(10) - compounds 
(30), (31) (;2)60 and the 3~- hydroxy -9, 10 epoxy- derivatives 
(36), (7)61 were the cyclic ethera (33), (34), (35)60 and 
(38) (39)61 respectively. 
HO 
36. 
37. 
90<, 100G 
9f3,10{3 
15 
0--' OAc 
38. 
39. 
In an attempt to provide compounds with biological activity, 
the tunctionalisation ot the 5~- methyl group in Westphalen 
derivatives, in the androstane series, has been investigated, 
62 tollowing preliminary work by Todd and Marples • 
Functionalisation ot unactivated methyl groups to give, 
ultimately, cyclic amines by the Hotmann-Lottler reaction15- 17 , 
has been reported only tor reactions involving the C- (13) -
methyl group 13,14,63. Moreover, use ot a 6~- substituent tor 
tunctionalisations has been restricted mainly to reactions ot the 
C-(lO)- methyl group 64, utilising the Barton22 or the 
hypoiodite35 reactions. 
Consequently, preliminary work in this laboratory65 was 
aimed at providing the 6~- cyano compound (40), with the 
intention ot ultimately tunctionalising the 5~- methyl group to 
give a Hotmann-Lottler type ot product. However, attempts to 
prepare either the 6~- amide (41) or the 6~- methyl ketone (42), 
trom the 6~- cyano compound (40), were unsuccesstul. 
40 
41 
42 
R 
CN 
CONH2 
COCH3 
Theretore an alternative route, trom the 6.p- cyano compound 
(40) has been investigated. 
16 
DISCUSSION 
Preparation of 68- acetoxy - 3B,5 - oxaethano - 19 - nor -
58- androst - 9(10) - ene - 17 - one (54) from androstenolone. 
The required functionalised product (54) was prepared by a 
60 
modification of the method of Guest et al. 
Protection, by benzy1ation, of the 3P- hydroxy group in 
androstenolone also gives rise to alkylation at c-(16), the 
a position to the 17- carbonyl group. Therefore the C-(17) 
carbonyl group of androsteno10ne was primarily protected to avoid 
the occurrence of this subsequent undesirable side reaction. 
This was achieved, initially, by thioketalisation, which 
66 67 had been reported ' to give better yields, after much 
briefer reaction times, than corresponding keta1isation methods. 
The thioketal (44)66 was prepared by reacting androstenolone -
3P - acetate (43), with ethanedithiol and boron trifluoride 
67 
etherate. Benzylation of the thioketa1 (44), using benzyl 
chloride and potassium hydroxide in toluene, under reflux,60 
afforded the benzyl ether (45). The presence of the benzyl 
group in (45) was confirmed both in the i.r. spectrum, with a 
6 . -1 ) 1 peak at 95 cm (phenyl and in the H n.m.r. spectrum, which 
showed peaks at ~ 2.68 (phenyl) and 5.43 (phenyl CH20 -). 
Oxidation of this benzyloxy-compound (45) with monoperphthalic 
acid, ·yielded the epoxide mixtUre (48) which was not purified. 
Hydrolysis of the crude epoxide (48), to the keto-diol 
(50),was attempted with aqueous perchloric acid in 
68 
ethylmethylketone l but the thioketal residue remained intact, 
17 
as shown by i.r. and lH n.rn.r. data. The acidic medium, 
methanolic hydrochloric od ° dO 69 1 d aC1 1n 10xan ,a so prove 
unsuccessful, and finally hydrolysis of the thioketal group, 
itself, using cadmium carbonate and mercuric chloride,as a 
suspension in acetone,70 was tried but, again, no 17- keto 
compound was obtained. Later, however, after the route to 
the 3~,5- oxaethano compound (54) had been completed via 
the 17,17- ethylcnedioxy steroid (46), further methods for 
71-74 hydrolysing thioketals were reported. One of these,74 
involving reflux of an aqueous methanolic solution of the 
thioketal with iodomethane, was successfully utilised on the 
acetoxy - thioketal (44), the product being identified as 
androstenolone - 3 - acetate (43), by m.p. and spectral data. 
66 The hydroxy - ketal (46), prepared from androstenolone 
by reaction with ethanediol and p-toluenesulphonic acid in 
benzene, under reflux, was converted to the benzyloxy -
derivative (47) in an analogous manner to that used for 
benzylation of the thioketal (44). The absence of a hydroxyl 
band was apparent in the i.r. spectrum of (47), which also 
-1 included a strong 700 cm phenyl absorption band. The signals 
1 
at 't 2.7 (phenyl) and 5.45 (PhCHeO-) in the H n.m.r. spectrum 
confirmed the presence of the benzyl group. 
Oxidation of the benzyl ether (47) with monoperphthalic 
acid gave the 5,6- epoxides (49) as a mixture, which was 
hydrolysed, without further purification, using aqueous 
perchloric acid in ethylmethylketone, to the keto-diol (50). 
18 
R10 
R 
43 0 
44 <~~ 
45 <~~ 
46 <g~ 
47 <g:J 
50. 
R1 
Ac 
Ac 
CH2Ph 
H 
CH2Ph 
H C 0 3 
19 
R10 
R R1 
48 <t~J CH 2Ph <g~ 49 CH2Ph 
51 . 
The i.1'. spectrum of (50) showed hydroxyl bands at 3440 
-1 
and 3560 cm ,whilst the carbonyl band was observed at 
. -1 
1740 cm • The absence of the singlet at ~ 6.15 in the 
1 JI n.m.r. spectrum of (50) confirmed the removal of the 
ketal grouping, and the presence of an equatorial c-(6) 
proton was concluded by the sharp multiplet at ~ 6.4-6.6 
('Ni ca. 6Hz). Acetylation of the diol (50) with acetic 
anhydride in pyridine afforded the mono-acetate (51), the 
i.r. spectrum of which indicated the presence of the ester 
-1 C-O stretching band at ~. 1250 cm • The acetate group 
1 
appeared. as a singlet at "t 7.95 in the H n.m.r. spectrum. 
The hydroxy-acetate (51) rearranged to the Westphalen 
derivative (52), in sulphuric acid - acetic anhydride 
acetic aCid75 • No hydroxyl peak was observed in the i.r. 
spectrum of (52). Confirmation of the structure was 
provided by the lH n.m.r. spectrum. The signal for the 
C-(3) methine proton was much sharper (wi ~. 9 Hz) than 
that observed for the hydroxy - acetate precursor (51) 
(wt ~. 18 Hz). This indicates a 5~- configuration in the 
rearranged produot (52) as opposed to the 5a- configuration 
in (51). Also the signals for the angular methyl protons 
had moved downfield from ~ 9.15 (13 - CH3) and 8.85 (10 - CH3 ) 
for the hydroxy - acetate (51) to ~ 9.0 (13 - CH3 ) and 8.70 
(5 - CH3) for the Vlestphalen derivative (52), consistent with 
the usual observed chemical shifts associated with other 
11estphalen - rearranged compounds75 ,76 • 
20 
ilydroc;enolysis of the rearranced compound (52), with a 
palladium - charcoal catalyst, yielded the alcohol (53). 
-1 The presence of a hydroxyl band, at 3480 cm ,was evident 
in the i.r. spectrum of (53), as was the absence of the 
benzyl croup. Confirmation of the disappearance of this 
benzyl croup was obtained by the lH n.m.r. spectrum, which 
showed no signals at either 't 2.70 (phenyl) or 5.45 (PhCH20-). 
Functionalisation of the 5fl- methyl c;roup in the alcohol 
(53) was achieved by heating under reflux in benzene -
cyclohexane, with an excess of lead tetraacetate, for two 
54 60 hours.' PreparatiVf) t.l.c. of the impure product c;ave 
The lH n.m.r. spectrum of (54) supports the 
assic;ned structure,69-y the absence of the signal, for the 5P-
methyl protons, at 't 8.70. Moreover, the observed geminal 
coupling constant for the a- methylene group in the 
tetrahydrofuran ring (JAB ~. 8 Hz) is in good agreement with 
54,60. those reported for analogous systems. 
RO 
OAc 
54 
R 0 
52, PhCH2 
OAc 
53. H 
21 
DISCUSSION 
Attempted preparation of 5, 6~- (~ - N - ethyl - azapropano) 
- 3~ - methoxy'- 19 - nor - 5~ - cholest - 9(10) - ene (63~ 
from 6@- cyano - 3@- methoxy - 5 - methyl - 19 - nor - 5~ -
sholest - 9(10) - ene (57). 
5,6a- epoxy - 3~- methoxy - 5a - cholestane (55) was 
prepared from cholesteryl. methyl 'ether by reaction with 
monoperphthalic acid77• Reaction of the epoxide (55) with 
potassium cyanide in dimethylsulphoxide, with periodic 
additions of sUlphuric acid, 
Scottow and Harples65 , gave the 
according to the method of 
cyanohydrin (56). The i.r. 
spectrum of (56) showed peaks at 2240 and 3440 cm-I, 
corresponding to the nitrile and hydroxyl groups respectively. 
No doublet, for the a- epoxide proton, was seen in the IH 
n.m.r. spectrum at ~ 7.1, whil.st the sharp multiplet at ~ 7.35 
- 7.55 (wt .£!!... 6 Hz) indicated the presence of an equatorial 
proton attached to a carbon atom bearing an axial nitrile 
group. 
55. 56. 
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Rearrangement of the cyanohydrin (56), with sulphuric 
acid - acetic anhydride - acetic acid gave, after 
purification by preparative t.l.c., the~9{lO) - compound 
(57) which was, identified by its IH n.m.r. spectrum. 'fhe 
c- (3) methine proton is in an equatorial conformation 
od: £.!!. 6 Hz) " indicating a 513-~ configuration in compound 
(57). The downfield shift of the C- (13) methyl signal 
, 1 
from or 8.8 in the H n.m.r. spectrum of (56) to or 8.63 in 
that of the rearranged compound (57) is confirmation of a 
~Iestphalen-type compound. 75 ,76 
Reduction of the nitrile (57) with lithium aluminium 
hydride - aluminium chloride78 in dry ether afforded the 
amine (58). The i.r. spectrum of (58) indicated the 
absence of a cyano group , -1 absorption band at 2240 cm , 
whilst the broad band at -1 £.!!. 3300 cm was evidence of the 
amino group, supported by the weaker amine bending 
-1 
absorption at '1620 cm 1 The H n.m.r. spectrum showed a 
broad multiplet at or 3.5 - 4.5, exchangeable with deuterium 
oxide, confirming the presence of the amino group. The low 
resolution mass spectrum of (58) showed an m/e peak at 429, 
corresponding to the molecular ion species. 
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57, 
58. 
It was considered that a mixture of C-" (6) epimers 
of compound (58) might be obtained from the reduction of 
the nitrile (57), as lithium aluminium hydride was being 
utilised. 
, 
T.l.c. s of the product (58), however, 
developed in various solvents, showed one major spot, 
which proved difficult to resolve satisfactorily into 
further components because of its very polar nature. No 
further attempts were made to separate the anticipated 
epimers, as it was hoped that the mixture may be more 
easily separable as the subsequent alkylamides, which would 
not be as polar. 
However, attempts to prepare the formamido derivative 
(59), by treating the amine (58) with ethyl formate14 , both 
at room temperature and under reflux, were unsuccessful. 
Therefore the amine (58) was acetylated with acetic 
anhydride in pyridine to give, after preparative t.l.c., 
the alkylamide (60). The bands observed at 1565 and 1660 
-1 
cm in the i.r. spectrum of (60) were typical of a 
secondary amide. The In n.m.r. spectrum confirmed the 
presence of the acetyl group. by the signal at or 7.98. '.rhe 
low resolution mass spectrum of (60) 
ion at 471. 
24 
showed a molecular 
59. 
60. 
R. 
CH2NHCHO 
CH2NHCOCH3 
The amide (60) was reduced to the alkylamine (61) 
by heating, under reflux, with lithium .aluminium hydride 
79 in ether for 24 h.. A weak -NH band was observed, at Q. 
3300 cm-l , in the i.r. spectrum of (61), which also showed 
the absence of the secondary amide bands. No acetyl 
si(>nal, at 't 7.98, was seen in the IH n.m.r •. spectrum. 
The low resolution mass spectrum of (61) showed a molecular 
ion at 457. 
An ethereal solution of the alkylamine (61), was 
stirred overnight, under an atmosphere of nitrogen, ~lith 
eO 
N- chlorosuccinimide ,and a colourless oil was isolated 
after work-up of the reaction mixture. The t.l.c., in 
ethyl aceta.te, showed no trace of the starting material (61), 
but an intense spot was apparent at a high Rf value. 'fhis 
was assumed to be the N- chloramine derivative (62). 
The crude N- chloramine (62), in trifluoroacetic acid, 
was irradiated, under an atmosphere of nitrogen, with a 
Hanovia medium pressure 500 W. lamp for 45 min.,19 when 
t.l.c. confirmed the disappearance of the N- chloramine (62). 
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61. 
62. 
R. 
The crude reaction mixture Was purified by preparative t.l.c., 
but none of the anticipated cyclic amine (63) was detected. 
63. 
The lH n.m.r. spectrum of the crude reaction mixture, 
after work-up, contained a broad multiplet at 1: 4.7 - 4.9, 
suggesting either an -NH, -NH2 and/or an olefinic species. 
No signal was observed at 1: 8.95, the chemical shift of the 
c- (5) methyl group in the lH n.m.r. spectrum of the 
alkylamine precursor (61), and this implied, at least, that 
the functionalisation of the 5~- methyl group had occurred, 
albeit giving unanticipated products. A feature of this lH 
n.m.r. spectrum was the peak observed at 1: 9.35 which is 
consistent with the presence of a cyclopropane ring, as 
reported after earlier work in these laboratories60 • This 
cyclopropane ring results from homoallylic participation of 
the 9(10) - olefinic bond, via a 5~- methylene radical (64). 
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64. 
Preparative t.l.c. of the crude reaction mixture 
yielded five discernible fractions. These, however, were 
found to be not entirely resolved, as difficulty was 
encountered with streaking on the t.l.c. plates. However, 
1 
a common feature of each H n.m.r. spectrum, of the 
fractions obtained, was a broad muItiplet, the chemical 
shift of which varied between ~ 3.0 - 3.3 and ~ ~. 5.5. 
This is indicative of the presence of either an -NH or an 
-NH2 group, as solvent fluctuations are known to affect the 
chemical shifts of such protons. The protons were found to 
be exchangeable with deuterium oxide, confirniing either an -NI! 
or an -NH2 group. The i.r. spectrum of the major fraction 
contained a weak band at ~. 3300 cm-I, suggesting the presence 
of an -NH group, as an -NH2 group would be expected to give 
rise to more intense absorption in this region. 
Another observation was'the presence of two methoxyl 
groups in each IH n.m.r. spectrum, at ~ 6.62 and 6.70. This 
suggests either that the preparative t.l.c. was entirely 
unsuccessful, and that each fraction was still a mixture of, 
at least, two products, or that some kind of dimer had b~en 
27 
formed as the major product. The presence of the signal 
at 1: 9.35, if it is due to a cyclopropane ring, as 
anticipated, would support the formation of a dimer, which 
could then, presumably, be produced via a c- <9 ) radical 
65. 
J. small broad multiplet of signals was seen at 1: 4.7 - 4.9 
in the lH n.m.r. of the major fraction from the preparative 
t.l.c. This may be due to 
of olefinic species, of the 
the presence of a small amount 
type suggested previOusly.60 If 
the radict,l species (65) is formed, .abstraction of a c- (11) 
hydrogen atom, to sive the 6. 9(ll) - ene (66), is possible. 
c~ 
J 
66. 
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,Reported chemical shift values60 for the resulting C- (11) 
methine proton compare favourably with the ~ 4.7 - 4.9 value 
observed here. 
'l'he mass spectrum of the major component from the 
preparative t.l.c. contained peaks corresponding to a 
molecular weight greater than 500, suggesting a dimeric 
species could be present. Intense peaks were also observed 
at m/e 455, 442, 440, 426, 423 and 287. The peak at m/e 442 
could be assigned to the ion (67) which may arise by 
fragmentation of the dimers (68) or (69) as shown. The dimer 
(68) could be formed by combination of the radicals (64) and 
(65), while dimer (69) may arise by combination of two (64) 
radicals. The peak at m / e 440 could' be produced by a simple 
dehydrogenation to give the stabilised diene - cation (70), or 
its equivalent (71). 
67. 
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The cyclopropane signals in the lH n.m.r. spectrum of 
this major fraction support the structure (68). The presence 
of peaks at m/e 455, 426 and 423 in the mass spectrum may 
correspond to the molecular ion, [M - c2H51+ and [11 - CH30H t 
A 9(11) 
respectively, of the ~ - compound (66). 
'l'hc product of the major fraction, from the preparative 
t.l.c. of the cyclisation reaction mixture,. was acetylated, 
by heating on a steam bath in pyridine and an excess of acetic 
anhydride. The crude reaction mixture was again purified by 
preparative t.l.c. The product isolated from the most intense 
band gave an interesting lH n.m.r. spectrum, in which two 
methoxy signals, at ~ 6.60 and 6.70, two acetyl signals at 
~ 7.8 - 7.9, and the persistent ~ 9.35 signal were observed. 
The small broad multiplet at t 4.7 - 4.9 was still apparent 
and was not eXChangeable with deuterium oxide. This provides 
strong evidence of an olefinic species being present. The 
appearance of the acetyl groups confirmed that little, if any, 
tertiary nitrogen was present in the cyclisation reaction 
product and indicated that little of the required pyrrolidine 
derivative (63) had been formed. The i.r. spectrum of this 
major fraction, from the acetylation reaction t.l.c., showed 
-1 
a band at 1640 cm ,indicative of a tertiary amide. This 
supports the information obtained from the lH n.m.r. spectrum. 
From the spectral evidence obtained it appears, then, that 
a dimeric species is probably formed from the cyclisation 
reaction, and little of the anticipated pyrrolidine compound 
(63) is produced. The dimeric compound (68) is considered to 
be the more likely, arising from combination of the radic[lls 
30· 
(64) and (65). This gains support from earlier attempts 
in these laboratories60 to functionalise the 5~- methyl 
group in compounds containing the 9(10)- double bond, using 
methods22 ,35 which generated methylene radicals of the type 
(64) • It was found that homoallylic participation of the 
double bond leads to complex products and poor yields of 
functionalised materials. However, removal of this double 
bond, 
these 
by epoxidation, has recently been shown to improve 
. 61 
approaches, and the removal of the double bond before 
the cyclisation reaction, in this route, could be investieated 
for comparison. 
CH30 /---- , 
_--,,-/ H2C \CH2NHCH2CH3 . .,-~ CH CHNH C I "'-----_______ fragmentation 
3 2 2 CH2 
C~ 
69. 
70. 71. 
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EXPERIMENTAL 
Solutions were dried over anhydrous magnesiuu sulphate, 
and solvents were removed in vacuo on a rotary evaporator. 
Plates (1 metre x 0.75 mm. thiclcness) of Kieselgel PF 254 
(Merck) were used for preparative t.l.c. 
I.r. spectra were determined, in CHC13 solution unless 
stated otherwise, with a Perkin-Elmer 257 spectrophotometer. 
1 H n.m.r. spectra were determined, for solution in 
deuteriochloroform (unless specified otherwise), at 60 MHz 
with a Perkin-Elmer R10 spectrometer or at 90 mlz with a 
Perkin-Elmer R32 spectrometer. Mass spectra were recorded 
with AEI MS 902 and MS 12 spectrometers. 
Rotations were measured for solutions in chloroform, at 
220 C, with a Bendix polarimeter l43C. Melting points are 
uncorrected and were measured using a Koffler hot stage. 
3@- acetoxy - 17.17 - dithio - ethylenedioxy - androst _ 
5 - ene (44). 
Ethanedithiol (12.5 ml.) and boron trifluoride etherate 
(12.5 ml.) were added to a stirred solution of 3~- acetoxy _ 
androst - 5 - ene - 17 - one (43) (10 g.) in dry benzene 
(250 ml.). After 15 min. the solution was diluted with 
ether, then washed with aqueous sodium hydroxide solution 
(2N; 4 x 50 ml.), water and finally dried. Removal of the 
solvent gave the thioketal (44) (10 g.) m.p. l88-l900 C. (from 
dichloromethane/methanol) (lit. 19l_20 C.66 ). 
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3@- benzyloxy- 17,17 - dithio - cthylenedioxy - androst -
5 - ene (45). 
A mixture of the 3~- acetoxy - thioketal (44) (5.4 s.), 
benzyl chloride (6 ml.), powdered potassium hydroxide (24 g) 
and dry toluene (150 ml.) Were heated, under reflux, for 6 h., 
and then cooled. The solution was carefully diluted with 
water, shaken well and extracted with ether. The ethereal 
extracts were dried, and removal of the solvent afforded the 
benzyl ether (45) (3.7 g.). m.p. (acetone - hexane) l36-8°C; 
["ID - 69.80 (c, 1.28);'Y 695 (phenyl)cJ,'t 2.68 
max. 
(s, phenyl); 4.55 - 4.75 (m, = CH); 5.43 (s, PhCH20 -); 
6.80 (s, (- S - CH2)2); 8.98 (10- CH3); 9.08 (s, 13 - Cl!3)' 
3e- benzyloxy - 5&,6& - epoxy - 17,17 - dithio - ethylenedioxy 
androstane (48) 
An ethereal solution of the benzyl ether (45) (4g; 100 mls) 
was set aside overnight with an excess of monoperphthalic acid 
(400 ml; 0.3 M in ether). The solution was washed well with 
aqueous sodium hydrogen carbonate solution, until neutral, and 
then dried. Removal of the solvent gave the crude epoxide (48), 
on which the hydrolyses were attempted without further 
purification. 
Hydrolysis of 3@- acetoxy 17,17- dithio - ethylenedio~ -
androst - 5 - ene (44). 
A solution of the thioketal (44) (250 mg.) in aqueous 
methanol (96 percent.; 10 ml.) and iodomethane (0.6 rnl.) was" 
heated, under reflux, for 24 h.,74 cooled, and diluted with 
ether. The solution was then washed with aqueous sodium 
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hydroxide solution (2N; 2 x 10 ml.); dil. hydrochloric 
acid (2N; 2 x 10 ml.) and aqueous sodium hydrogen carbonate 
solution, before drying. Removal of the solvent gave 
3~- acetoxy - androst - 5 - ene - 17 - one (43) (190 mg.). 
m.p. 164_6°0. (from aqueous acetone) (lit. 171-2°0.). 
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Preparation of 6~ - acetoxy - 3p.5 - oxaethano - 19 - nor -
5P - androst - 9(10) - ene - 17 - one (54) from androstenolone. 
3P - benzyloxy - 17,17 - ethylenedioxyandrost - 5 - ene (47) 
66 
A solution of the hydroxy-ketal (46)(10 g.),benzyl chloride02m1.l 
and powdered potassium hydroxide (45 g), in toluene (350 ml.) was 
heated under reflux for 6 h. The reaction mixture was cooled 
and carefully diluted with water, then dried. Removal of the 
solvent gave the benzyl ether (47)(11 g.) m.p. 132-3°C. (from 
aqueous acetone); o - 74.4 (c, 0.614); V 700 (phenyl) 
max. 
) -1 and 1110 (C-O cm ; T 2.65 (s, phenyl), 4.6-4.7 (m, = CH), 
5.45 (a, PhC~O ~ ), 6.15 (s, - OCH2 ), 6.4 - 7.1 (m, - CHOH), 
9.0 (s, 10-CH3 ), 9.15 (s, 13-CH3). (Found: C 79.36; H 8.95. 
C28H3803 requires C 79.5; H 9.06 percent.). 
3S - benzyloxy - 5£, 6£- epoxy - 17,17 -' ethylenedioxy-
androstane (4~ 
An ethereal solution of the benzyl ether (47) (10 g. in 
, 
100 ml. ether) was set aside overnight, at room temperature, 
with an excess of monoperphthalic acid (400 mla; 0.3 M, in ether). 
The solution was waahed well with aqueous aodium hydrogen 
carbonate solution until neutral, and then dried. Removal of 
the solvent gave the crude epoxide (49) which was used without 
further purification. 
3P - benzyloxy - 5" - androstana- 5,6fl - diol - 17 - one (50) 
A solution of the epoxide (49) (lOg) and perchloric acid 
(60 percent.; 5 ml) in ethylmethylketone (350 ml.) was allowed 
to stand at room temperature for 15 mins. After dilution with 
ether, the solution was washed with aqueous sodium hydrogen 
carbonate solution until neutral, and dried. Removal of the 
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solvent afforded the diol (50) (9 g.) m.p. 201-20 C. (from 
aqueous acetone); [~ID 
(phenyl), 1735 (C = 0), 
+ 59.0° (c, 0.602); 'V 
max. 
700 
3440 and 3560 (-OH) cm-l ; 't 2.68 
(5, phenyl) , 5.45 (5, -OCHzPh) , 5.9-6.4 (m, - CHOH) , 8.8 
( 5, 10-CH3) , 9.15 (5, 13 - CH3 ). (Found: C 75.80; H 9.00 
C26H3604 requires C 75.69; H 8.80 percent.). 
6~-acetoxy - 3D - benzyloxy - 5~ - androstan - 5 - 01 - 17 -
one (51). 
A solution of the diol (50) (10 g.) in. pyridine (50 ml.) 
and an excess of acetic anhydride (12.5 ml.) was heated on a 
steam bath·for 2 h., then poured on to crushed ice. 
Filtration, followed by washing of the solid with water, and 
finally drying in vacuo over potassium hydroxide, gave the 
hydroxy - acetate (51) (11.5 g), m.p. 196-8°C. (from aqueous 
acetone); [~ID + 130 (c, 0.664);'» max. 700 (phenyl), 1250 
(C-O), 1735 (C=O) and 3500 (OH) cm-l ; 't 2.7 (s, phenyl), 
5.1-5·25 (m, - CHOAc), 5.5 (5, - O~Ph), 5.9-6.3 (m, - CHOH) , 
7.95 (5, - OAc), 8.85 (5, 10-CH3), 9.15 (5, 13-CH3) • (Found: 
. C 74.2; H.7.94. C28H3805 requires C 73.98; I! 8.43 percent. ) • 
6p - acetoxy - 3@ - benzyloxy - 5 - methyl - 19 - nor - 5P -
androst - 9(10} - ene - 17 - one (52) 
A solution of sulphuric acid in glacial acetic acid 
(1+0 ml; 0.25 M) was added to one of the hydroxy-acetate (51) 
(5 g.) in acetic anhydride - glacial acetic acid (10 percent; 
The solution was stirred and maintained 
at 30-350 C. for 15 mins., then poured into brine. The 
resultant mixture was stirred for ca. 1 hr. when the solids 
precipitated were filtered, washed well with water and dried 
in vacuo over phosphoric oxide, to afford the Westphalen 
derivative (52) (2.8 g.), m.p. 120-10C. (from aqueous acetone); 
[(XlD + 1680 (c, 0.612);'\)· 700 (phenyl), 1250 (C-O) and 
max. 
1735 (C=O) cm-l ; ~ 2.7 (s, phenyl), 5.1-5.3 (m, -CHOAc), 
6.2-6.4 (m, - OC!4!Ph). 8.65 (s, 5-CH3), 9.0 (s, 13-CH3). 
(Found: C 77.6; H 8.30. C28H3604 requires C 77.05; H 8.31 percent). 
6~ - acetoxy - 5 - methyl - 19 - nor - 5~ - androst - 9(10) - ene -
30 - 01 - 17 - one (53). 
A solution of the Westphalen derivative, (52) (6g.) in 
ethyl acetate (200 ml.), was stirred at room temperature with a 
10 percent. palladium on charcoal catalyst (600 mg.) and 
hydrochloric acid (10 drops), in an atmosphere of hydrogen, until 
the uptake of hydrogen had ceased (30 mins.). The mixture was 
filtered and the residue well washed with solvent. The 
solution was then washed with aqueous sodium hydrogen carbonate 
solution, and dried. Removal of the solvent yielded the 
alcohol (53) (4g.), m.p. 210-2120 C (from aqueous acetone); [(Xl D 
+ 1950 (c, 0.552); )l 1250 (C-O), 1735 (C=O) and 3480 (-OH) 
·max. 
-1 
cm ; ~ 5.1-5.4 (m, - CHOAc), 5.7-6.0 (m, -CHon), 7.95 (s, -OAc), 
8.68 (s, 5-CH3), 9.0 
C21H3004 requires C 
(s, 13-CH3 ). (Found: C 72.60; 
72.80; H 8.73 percent.). 
H 8.70. 
6~ - acetoxy - 3P,5- oxaethano - 19 - nor - 5P - androst -
9 (10) - ene - 17 - one (54). 
A solution of the alcohol (53) (4g) in dry benzene -
cyclohexane (1:1; 750 ml.) was heated under reflux with acetic 
acid-free lead tetraacetate (29 g.), in an atmosphere of 
nitrogen, for 4 h. After dilution with ether, water (ca. 400 ml) 
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was added and the mixture was filtered. The organic layer 
was separated, and dried. Removal of the solvent gave a 
crude product which was purified by preparative t.l.c., (ethyl 
, 
acetate - benzene (1:3) ) to yield the pure ether (53). as an 
oil (1.2g) [aID - 3.80 (c, 0.523);~ (film) 1240 (C-O) max. 
and 1735 (C=O) cm-l ; or 5.0-5.15 (m, -CHOAc), 5.4-5.6 (m, -CHOH), 
6.2 (q, JAB E' 8 Hz, - OCH2 ), 7.95 (s, -OAc), 9.05 (s, 13 -CH3)· 
(Found: M+ 344.1982. C21H2804 requires H+ 344.1988). 
Attempted preparation of 5,6~- (2'- N - et~ azapropano) 
-3@- methoxy - 19 - nor - 5@ - cholest - 9(10) - ene (63) from 
66- cyano - 36 -methoxy - 5a - cholestan - 5 - 01 (56). 
6~ - cyano - 3~ - methoxy - 5 - methyl - 19 - nor - 5@ - cholest 
9(10) - ene (57). 
A stirred solution of the cyanohYdrin65 (56) (2 g.) in 
glacial acetic acid (80 ml.) and acetic anhydride (10 ml.), 
at 30-35°C. was treated with a solution of sulphuric acid in 
glacial acetic acid (20 ml; 0.25 M), and left for 30 mins. Tho 
solution was poured on to brine and extracted with ether. The 
extracts were washed with aqueous sodium hydrogen carbonate 
solution, until neutral, then dried. Removal of the solvent 
gave a crude product, from which the pure Westphalen derivative 
65 (800 mg.) (57) was isolated, as an oil, by preparative t.l.c. 
(ether - petrol (40-60) 
(C = c) and 2240 (CaN) 
1:8; 
-1 
cm ; 
x 2). V 
max. 1095 (C-O), 1570 
or 6.4 - 6.6 (m, W s.e..9 Hz, - CHOCH3 ) 
An ethereal solution of aluminium chloride (900 m(;s; 
(0.00675 moles) in 20 ml.) was added, in one portion, to a 
stirred suspension of lithium aluminium hydride (260 mgs; 
0.00675 moles) in dry ether78 (20 ml.). i\ fter ;) rlin. the 
nitrile (57) (800 me.) in dry ether (20 ml.) was added, 
dropwise, over 5 min. ;;tirrine was continued, at room 
temperature, for 1 11., after which ethyl acetate was added, 
cautiously, follo~led by dilute sUlphuric acid (21"; 20 ml.). 
The orGanic layer was separated, and the aqueous layer re-
extracted with chloroform (2 x 10 ml.). The combined 
or(;anic extracts were basified with aqueous sodium hydroxide 
solution (2N), separated and dried. Removal of the solvent 
gave a crude product which was purified by preparative t.l.c. 
(methanol-chloroform 1:10) to give the amine (58) (530 mgs.). 
,1 1090 (C-O), 1620 (-NIl2 ) and 3300 (-HIl2 ) cm-\ 't 3.5-V max. 
4.,5 (m, - NII2 ) , 6.35-6.6 (m, - CHOCH3 ), 6.68 (s, -OCII3), 8.95 
(s, 5 - CH3), 9.17 (s, 13 - CH3 ). (~'ound: 1:+ (23 percent.) 429;[H-
17(:100 percent.) 412. C29H510N requires 1'/ 429. 
§jl: __ ~c;etamidometh.Yl--=.2ll- methoxy -5- methyl -1.2=-1l2L..=.2Jl.= 
cholest -9(10) - enc. (60). 
A solution of the amine (58) (700 m(;.) in pyridine (5 ml.) 
was warmed on a steam bath with an excess of acetic anhydride 
(0.5 ml.) for 1 h. The solution WaS poured on to crushed ice 
and, after 1 h., extracted with chloroform. The extracts 
were dried, and removal of the solvent, followed by 
purification by preparative t.l.c. (ethyl acetate), gave the 
n.rnide (60) (500 mg.) V 1105 (C-O), 15('5, 1660, nnd 3300 
max. 
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.) -1 (-NH cm • or 3.85 - 4.5 (m, - NI! ), 6.3 - 6.6 (rn, - CHOC~). 
6.65 (s, -OCH
3
), 7.98 (s, - OAc), 8.90 (s, 5-CH3), 9.18 
(s, 13 -CH3 ). (Found: H+ (10 percent.) 471; [M - 91]+ 100 
percent.) 380. C31H5302N requires H+ 471.). 
6@ - ethylaminomethyl - 3@ - methoxy - 5 - methyl - 19 - nor -
5~ - cholest - 9(10) - ene (61). 
A solution of the amide (60) (150 mg.) in ether (20 ml.) 
was added, dropwise, to a stirred suspension of lithium 
aluminium hydride (45 rng) in ether (20 ml).79 The 
suspension was stirred under reflux for 24 h., then cooled. 
Ethyl acetate was added, carefully, followed by dilute sulphuric 
acid (5 ml.) (2N). The organic layer was separated, and the 
aqueous layer was re-extracted with chloroform (2 x 10 ml.). 
The combined organic extracts were basified with aqueous 
sodium hydroxide solution (2N), separated and dried. Removal 
of the solvent gave the alkylamine(6l) (120 mg.) as an oil. 
,1 1090 (C-O) and 3200 (-NH) cm-l ; or 6.4 - 6.6 (m, - CHOCH 3 V max. 
and - NH), 6.68 (s, -OCH
3
, 7.05 - 7.4 (t, (masked) - CH2 CH3 ), 
. + 
8.95 (s, 5-CH3 ), 9.18 (s, 13 - CH3 ). (Found: M 457; C31H55NO 
requires M+ 457.) 
6~ - N- chloro - N - ethylamino methyl - 3~ - methoxy -
5 - methyl - 19 - nor - 5~ - cholest - 9(10) - ene (62). 
A suspension of the alkylamine (400 mg.; 0.0008 moles) 
and N- chlorosuccinimide (100 mg.; 0.0008 moles) in dry ether 
(100 ml.) was stirred, under an atmosphere of nitrogen for 
24 h. 80 Water was added, and the mixture shaken well before 
the ethereal layer was separated and dried. Removal of the 
solvent gave an oil (380 mg.) the t.1.c. of which, ill ethyl 
40 
acetate, showed both the absence of starting material (61) 
and the presence or an intense spot at a high Rr value. This 
was anticipated as corresponding to the N-chloramine (62). 
Subsequent phot.olysis was carried out on this crude product, 
without further purification. 
Attempted preparation of S,6~ - (2' - N - ethyl - azapropano) -
3P - methoxy - 19 - nor - Sp - cholest - 9(10) - ene (63). 
The crude N- chloramine (62) (380 mg.), in trifluoroacetic 
acid (60 ml.),was irradiated, under an atmosphere of nitrogen, 
with a Hanoviamedium pressure 500 W. lamp, for 45 min. The 
acid was removed to a large extent in vacuo on a rotary 
evaporator,· repeating several times with small portions of 
benzene. The residue was dissolved in ether, washed with 
aqueous sodium hydrogen carbonate solution until neutral, and 
finally dried. Removal of the solvent gave a crude brown oil 
which was refluxed in methanohc potassium hydroxide solution 
(4 percent.) for 1 h. After dilution with water, the solution 
was extracted with ether, and the ethereal extracts dried. 
Removal of the solvent gave an impure product which was 
purified by preparative t.l.c. (methanol-chloroform 1:10). 
The spectral results are discussed in more detail earlier (p.26 
- 31 inclusive). 
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PART 11 
Westphalen rearrangements (i) syntheses of products 
(ii) mechanistic studies 
IN'f?ODUCT1GN 
Whilst studying the acetylation of cholestan - 313, 
5~, 6~ - triol - 3,6 - diacetate, using acetic anhydride 
and sulphuric acid, Westphalen58 
diol diacetate. Th.is was later. 
isolated an unsaturated 
81 
shown to be a 
dehydration product, formed by a Wagner-Meerwein rearrange-
ment of the C-(lO)- methyl group to 0-(5). The structure 
82 
of the diol diacetate was formulated as shown (29). 
AeO 
H C 
. 3 OAe 
29, 
The position of the double bond at 0-9(10) and the 13- methyl 
group at 0-(5) have been substanti~ted by rhysical83, and 
chemica182 , evidence. The 13- configuration of the 0-(5)-
methyl group has also been verified by recent chemical 
'd 60 eV1 ence " 
The reaction, now known commonly as the ,/estphalen 
rearrangement, has been successfully carried out on a large 
number of 5~- hydroxy steriods possessing electronegative 
613- substituents, but attempted rearrangement of 6~-
84 85 
hydroxy-,613- methyl - and 6- keto _86 steroids resulted 
in acetylation and/or simple dehydration. 
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Other 50.- substituted steroids have led to \'estphalen 
rearrangements. Nitrous acid deamination of some 50.- amino -
steroids, possessing ~her an electronegative 6~- substituent 
or a 6- keto group, afforded '1lestphalen rearranged products87 • 
The 3,5,6- triacetate (72), under standard ,Westphalen 
conditions, was found to be unreactive, but yielded the diol 
( ) 88 ' diacetate 29 at an elevated temperature • Another 
rearrangement product, identified as the ~13(l7) - compound 
(73) by Kirk89 , was also isolated. 
AeO AeO H C 3 OAe AeO OAe 
,72. , 73. 
A backbone - rearranged product (75) of a similar 
nature has been obtained90 by treatment of the 4,4- dimethyl 
- 5,60. - epoxy steroid (74) with boron trifluoride, whereas 
the 3~- acetoxy derivative (76) gave mainly the Westphalen 
product (77). 
o o 
74. 75 . 
AeO AeO 
76. 77. 
Usually, however, epoxide rearrangements are more 
complicated, as indicated in the account by Kirk and Hartshorn9l , 
and in the more recent reports of Guest and Marplea 92-95. 
Rearrangements have also been attempted8l ,96 utilising 
acid catalysts other .than the original fortuitous one i.e. 
sUlphuric acid - acetic anhydride, but only potassium hydrogen 
81 
sulphate has proved as effective, the rest giving rise to 
44 
acetylation products of the 5a- hydroxy group. 
The probable specific role of sulphuric acid as a catalyst 
was indicated with the isolation, from the treatment' of cholesterol 
under Westphalen conditions, of cholesteryl hydrogen sulphate 
. 96 (75 percent.).. During these investigations, the reaction 
rate of the Westphalen rearrangement was found to show a first 
order dependence on the concentration of each species, i.e. 
sUlphuric acid, acetic anhydride and steroid. Moreover, the 
observation that both a 5a- methoxy and a 5a- acetoxy steroid 
were unreactive under true Westphalen conditions, in contrast to 
the 5a- hydroxy steroids, promoted the suggestion that a simple 
protonation mechanism, for the removal of the 5a- hydroxy group, 
was not feasible. 
Analysis of the kinetic data96 culminated in·the mechanism 
shown in Scheme 5 involving:-
(a) rapid sulphonation of the 5a- hydroxy compound (78) giving 
the hydrogen sulphate (79); 
(b) acetylation of this hydrogen sulphate, forming the 5a-
acetyl sUlphate (80); 
(c) rate - determining loss of acetyl sulphate giving rise to 
the C-(5)- carbonium ion (81); 
(d) migration of the C-(lO)- methyl group to form the product 
· AcO 
HO X 
78. 
AcO 
81. 
fast 1 X 
....... //~ 
AcO 
fast \ 
, 
AcO 
,<slow R.QS. 
AcO 
Scheme 5. 
79. 
80 . 
RD.S.= rate-
determining step 
The steric compression arising from the 1,3- diaxial 
interaction between the 6~- substituent and the C-(lO)- methyl 
group is believed to direct the fate of the carbonium ion 
intermediate (81). Also, the electronegativity of the 6~-
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substituent is considered to be important in influencing the 
reaction path96 • 
Summers97 isolated the 4~- acetoxy - 5~- methyl - 19 - nor 
- .6.9 (10) - compound (84) from the I{estphalen rearrangement of 
4~, 7~ - diacetoxy - cholestan - 5a - 01 (83), thus showing 
that a 4~- electron withdrawing substituent is as efficient as 
the 6~- substituent in inducing rearrangement, and confirming 
the role of these substituents. 
AeO 
83. 
CH AeO 3 
84. 
Similarly, the 4~- acetoxy - 5a- hydroxy steroid (85) has also 
been found to rearrange98 under 11estphalen conditions. 
AeO 
85. 
A marked dependence of the rate of the Westphalen 
rearrangement u.pon the nature of the 313- substituent has also 
been reported ,75 ,99 and appears .to confirm the intermediacy 
of a carbonium ion. 
If the rearrangement, as suggested in the foregoing 
account, does proceed via a carbonium'ion intermediate, and 
'100 . lC1 this had been supported both by Janot and by F1scher, 
then some rearrangement should be observed with a 513- hydroxy 
. , 
ster01d. However, the 313,513,613- triol - 3,6- diacetate (86) 
gave, under Westphalen conditions, only the 3~,6~- dia~etoxy -
£::,.4 _ ene (87), and 313-acetoxy - 5a - 6 - keto - (E8) 
compounds. 102 
AeO AeO 
HO 
OAe OAe 
86. 87. 
AeO 
88. 
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One explanation for the absence of a Westphalen-type product 
could be that the configuration of the carbonium ion (89) is 
retained by association, during migration, with the departing 
acetyl sulphate anion as an ion pair. Another interpretation 
suggests the commencement of the C-(lO)- methyl group 
migration whilst fission of the C-(5)-0 bond is still in 
progress (90) (synchronous reaction). 
x 
Aea 
89. 
AcO 
H 
90. 
. 1 k 88 A notab e report by Snatz e 
e 
OSOZOAe 
suggested the possible 
intermediacy of a non-classical carbonium ion. More 
recently, further interest has been shown in attempting to 
resolve these detailed factors which control the course of 
the Westphalen rearrangement, particularly those which involve 
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the rate-determining step. For example, it had been 
previously suggestedl03 that the C-(lO)- methyl group 
participation may possibly give rise to anchimeric assistance 
and/or steric acceleration. 
104 Jones and J'larples reported that the 19- methyl - ·5a -
hydroxy - steroid (91) rearranged to the 5~- ethyl - compound 
(92) at a rate 5.3 times greater than did compound (93) to 
OAc OAc 
91. 92. 
OAc 
93, 94. 
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It was concluded that the alkyl group migration is concerted 
with heterolysis of the C-(5)-O bond and that a C-(5) 
carbonium ion is not involved. A concerted mechanism would 
give steric relief in the transition state, thus explaining 
the observed rate increase. Also the failure of the 5~-
hydroxy steroid (86). to undergo Westphalen rearrangement. 
could be explained. Coxonl05, however. considered that this 
rate difference could be explained in terms of changes in 
inductive and minor steric effects occurring with altering 
the angular C-OD) group. This consideration arose after it 
was discovered that the 3~.6~- diacetoxy - 5n - hydroxy - 9~­
steroid (95). under Westphalen conditions. proceeded 150 times 
more rapidly than did the 9n- epimer. to yield the spirans (96) 
(70 percent.) and (97) (17 percent.). by formation of a C-(l)-
C-(5) bond with retention of configuration at C-(5). 
AeO 
, 
" 
Ae 
96. 
OAe 
95. 
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OAe 
OAe 
97. 
This conclusion may not invalidate the suggestions of Jones 
and Marples, as the stereochemical features of the reactant 
steroids, i.e. 9(1- and 9[3-:, will be expected ,to alter the 
reaction course. 
S,imultaneous workl06 involving 11estphalen rearrangements 
of some 4,4- dimethyl -5(1- hydroxy steroids, possessing either 
a 6- acetoxy or a 6- keto substituent, showed that the main 
products were the 513- methyl - L:l9(lO) - compounds. ''che 
result obtained with the 6- keto steroid was thought to' 
offer some evidence in support of a concerted mechanism since, 
in the absence of a C-(4) methyl substituent, 5(1- hydroxy -6-
keto steroids are known to be acetylated under I'/estphalen 
conditions 86,96. It b l ' d ' 'th' 't 106 th t was e l.eve ,l.n l.S 'J.ns ance, a 
a concerted process would be subject to steric acceleration, 
therefore giving rise to a 'westphalen product. 
Further support for this type of process was obtained 
from the results of studies on the rearrangements of some 4-
methyl -5(1- hydroxy -6- keto steroids, under \Vestphalen 
conditions 107. The 4a- methyl -5(1- hydroxy -6- keto -
compound (98) gave a mixture of the 5(1- acetylated derivative 
(100) and the~4 - compound (101), whereas the 413- methyl -
isomer (99) afforded only the ,5[3- methyl -19- nor _ ~9(10) -
steroid (102), in a manner analogous to the findings of the 
4,4- dimethyl -5(1- hydroxy steroid rearrangements previously 
106 
reported • 
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98. 
99. 
AeO 
AeO 
:101 
AeO 
100. 
102 
Again a concerted mechanism, which would allow for steric 
relief between the 4~- methyl and the C-(lO) methyl groups, 
was proposed. Also, the lack of. appreciable amounts of l:::. 4 -
product from the dehydration of the 4~- methyl compound (99) 
may indicate that a C-(5) carbonium ion is not involved. 
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Support for a concerted C-(5)-0 bond cleavage with C-(lO) 
methyl migration to give a C-(lO) carbonium ion, which rapidly 
108 loses a proton from C-(9) or C-(l), was recently obtained • 
'freatment of some 101l- hydroxy -5/l- methyl steroids, with 
p- tOluenesulphonic acid and acetic anhydride, at lOCoC, 
gave mainly backbone rearrangement products, whilst the 10a-
hydroxy isomers gave simple dehydration products resultinf, in 
l~estphalen derivatives. The marked differences in the course. 
of these reactions could be due to the stereoelectronic 
situation existing between the respective 10- hydroxy e;roups 
and the C- (9) proton. In a 51l- steroidal configuration, the 
101l- hydroxy group and the C-(9) a- hydrogen atom are in the 
~ti-periplanar conformation, and it seems likely that hydride 
shift is concerted with breakage of the C-(lO)-O bond, 
leading to a backbone-rearranged product. 
However, this does not arise between the 10a- hydroxyl 
group and the C-(9) /l- hydrogen atom, so a simple dehydration 
product is obtained. This would also be true of a lIestphalen 
rearrangement, where the migrating methyl croup and the C-(9) 
a- hydrogen atom cannot be in an anti-periplanar conformation, 
so a C-(lO) carbonium ion is possible, prior to loss of proton. 
Interestine;ly, a dependence on reaction medium is also 
indicated since one of the 101l- hydroxyl -513- methyl compounds 
(105), under true Westphalen conditions, i.e. sulphuric acid -
acetic anhydride - acetic acid, yielded largely the Westphalen 
product (104) (60 percent.). 
103. 104 
Similar product dependence on reaction media had been reported 
by Coxon et al •. 99 It may be possible that the Westphalen 
reaction medium has a higher relative basicity, or better 
dissociating properties than ~- toluene sUlphonic acid -
acetic anhydride, and is consequentlY capable of a more rapid 
proton removal in the carbonium ion sequence. This also 
implies that the absence of appreciable quantities of~ 4 _ 
compounds from the Westphalen rearrangements of 4- methyl - 5n 
- hydroxy steroidsl07 opposes the intermediacy of C-(5) 
carbonium ions. 
Intermediate non-classical carbonium ions are believed 
to be involved in the solvolyses of 3- and 19- toluene -.l?.-
oUlphortyloxy _1:::.5 - steroids, by way of homoallylic 
participation of the 5,6 - olefinic btg2,llO,lll. Carbonium 
ion rearrangements leading to 1,2- vinyl shifts are also 
relatively little known. Both reaction courses are 
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potentially available from the sulphuric acid - catalysed 
rearrangement of the 10p- ethenyl -5a- hydroxy. steroid 
A study of this reaction in these laboratories95 
afforded one major product, the 5P- ethenyl _Li9(10) -
compound (106), and no evidence of homoallylic participation, 
or the intermediacy of ions such as (107) was obtained. 
AeO AeO 
H 
11 OAe 
105. 
CH2 
.106. 
AeO 
H '-....:l==""+ H"---- )i 
, 1 
--------~~:----
1 H ~----"- ~~ 
---';""'(lA.c 
107. 
Furthermore as scrambling of the deuterium label in the vinyl 
eroup of (105) was observed, after Westphalen rearrangement to 
QO@, it was considered that the rearrangement occurred via 
intermediate classical carbonium ions, of the type (108) or 
112 (109), in which 1,2-hydride shifts could occur. 
H 
AeO 
___ --r-OAe 
108. 
AeO 
109. 
Since the evidence for this scrambling was based 
essentially on integration of lH n.m.r. signals, from 
spectra obtained using a 60 MHz n.m.r. spectrometer, this 
rearrangement has been fUrther investigated in both the 
androstane and again in the cholestane series in order to 
establish the significance of this earlier result. In 
57 
addition, since the 5~- vinyl compound 006) is a member of 
a new series of 19- nor - steroids possessing a 
functionalised 5~- methyl group, it was of interest to 
prepare an equivalent an~rostane for biological evaluation. 
DISCUSSlUN (i) 
Preparation of 3~,6@- diacetoxy -5- ethenyl -19- nor - ~ 
androst -9(10)- ene -17- one (121) from androstenolone -3-
acetate (43). 
The bromo - ether (Ill) was prepared from androstenolone 
-3- acetate (43) by the method of Kalvoda et g.113 This 
involved initial conversion of androstenolone -3- acetate to 
the bromohydrin (110) with N- bromoacetamide and aqueous 
perchloric acid, in dioxan, at 15-20oC. The 6~,19- oxaethano 
- compound (Ill) was prepared from this bromohydrin, by 
functionalisation of the C-(lO) methyl group. Irradiation of 
a cyclohexane suspension of the bromohydrin (110), lead 
tetraacetate, calcium carbonate and iodine, under reflux, usinG 
two 150 W. bulbs, proved adequate. 
The 10~- ethenyl - compound (116) was prepared from the 
bromo - ether (Ill) according to the method of Bowers et al. 37 
The bromo - ether (111) was heated with ethylene glycol and 
~-toluenesulphonic acid in benzene, under reflux, for 24 h •• 
'l'he. crude reac tion mixture, which con tained some 313- hydroxy -
compound, was re-acetylated, with acetic anhydride in 
pyridine, to give the ketal (112). A mixture of the ketal 
(112) and zinc dust, in absolute ethanol, buffered to E. 
pH 5.5 with glacial acetic·acid, was heated under reflux for 
30 min., to afford the hydroxy - acetate (113). The use of 
zinc in unbuffered ethanol was found to give the 3J3,19- diol 
derivative (113 a), which could not be either selectively 
oxidised, with chromium trioxide - pyridine in dichlorom"'thane~14 
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to the hydroxy - aldehyde (115), or selectively esterified, 
using various concentrations.of acetic anhydride in pyridine, 
at different temperatures, to the hydroxy - ace "ate (113). 
Oxidation of (113) with chromium trioxide - pyridine in 
dichloromethane gave the aldehyde (114), which, on base 
hydrolysis with mcthanolic potassium hydroxide afforded the 
hydroxy - aldehyde (115). This was allowed to react, under 
standard "ittig conditions, with methyltriphenylphosphonium 
iodide and ~-butyllithium, in dry benzene, to yield the lO~-
ethenyl - compound (116). The crude product was purified 
by column chroma to[;raphy. The i.r. spectrum of (116) showed 
-1 the absence of a carbonyl peak at 1720 cm • Confirmation 
. of the presence of a vinyl group was obtained from the IH 
n.m.r. spectrum, in which was observed a distorted ABX pattern 
for the vinyl protons, consisting of twelve peaks in three 
distinct quartets, centred at ~ 4.28 (Hx), 4.72 (HA) and 5.05 
(Ha) • Apparent coupling constants were determined as J gem 
~. 3 Hz, J. ca.12 Hz and J t ca. 16 Hz, values which c~s - rans-
agree well with others observed for vinyl protons. 37 
Selective oxidation of the 5,6-o1efinic bond to give the 
epoxide (117) was effected by allowing an ethereal solution of 
the vinyl ~ ketal (116) to stand overnight with an excess of 
monoperphthalic acid. In the IH n.m.r. sP7ctrurn of the 
product a doublet centred at ~ 7.1, (J ca 3.5 Hz) for the C-
(6)~- hydrogen atom confirmed the presence of the 5~,6~- epoxide 
e;roup.1l5 
Prior to hydrolysis of the epoxide (117) the crude product 
was acetylated to give the epoxy - acetate (118). Solubility 
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problems, which would otherwise have been encountered in 
the extraction of the 3~,5n,6~- triol from the aqueous phase. 
were therefore avoided. The i.r. spectrum of the acetate 
(118) showed a typical ester C-O band at 1250 cm-1 , and the 
. -1 1 
corresponding carbonyl band at 1730 cm • The H 
spectrum contained a singlet at T 8.05. indicative of an 
acetate group. Hydrolysis of the 3~- acetoxy - epoxide (118) 
. 68 . 
with aqueous perchloric acid in ethylmethylketone ,gave the 
keto - diol (119), which was acetylated, without further 
purification, to afford the diacetate (120). The i.r. 
spectrum of compound (120) showed broad c-o bands at ~. 1250, 
C=O peaks at 1720-1740 and a hydroxyl band at 3490 cm-l • The 
lH n.m.r. spectrum contained signals at T 7.90 and 8.03, 
corresponding to the C-(6) and C-(3) acetate groups 
respectively. The 0;- vinyl proton sign·a1 was· observed 
down field as a quartet. centred at T 3.5, with J. (apparent) 
Cl.S 
~. 11 Hz and Jtrans (apparent) ~. 17 Hz, due to the 
de shielding effect of the axial ~- orientated c-(6) acetate 
group. 
AeO 
HO 
OR 
R 
119. H 
120. Ae 
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The diacetate (120) in sulphuric acid - acetic anhydride -
acetic acid75 , rearranged to the Westphalen derivative (121) 
which was isolated in a pure form by preparative t.l.c. No 
hydroxyl band was observed in the i.r. spectrum of the product, 
(121) whilst the lH n.m.r. spectrum showed the C:"(13) methyl 
signal at ~ 9.0, downfield from the ~ 9.25 value observed in 
the lH n.m~r. spectrum of the diacetate precursor (120). This 
downfield shift is strong evidence for the presence of a 
Westphalen rearranged product. 75 ,76 Unfortunately the Signals 
AeO 
GAe 
121. 
for the c-(6) and C-(3) methine protons are masked by the 
vinyl proton signals and consequently no support can be 
claimed for the rearrangement from the WE value of the C-(3) 
methine proton signal. However, the chemical shift value 
for the ~- vinyl proton quartet was now observed at ~ 4.25, 
compared to ~ 3.5 in the ~ n.m.r. spectrum of compound (120), 
indicating that less steric interaction is evident between 
the c-(6) acetate group and the ethenyl group. This would be 
expected if the migration of the 10~- ethenyl group, to give 
a 5~- ethenyl derivative, had occurred. The chemical shifts 
of the important peaks also agree well with those of the 
analogous product in the cholestane series. 95 (Also sce 
next discussion p.71 for lH .n.m.r. spectral comparison of 
3~- methoxy rearranged product and precursors). Further 
evidence for the presence of this analogous L}9(lO)- compound 
. 1 ff b J 116 h . d h· f l.S a so 0 ered y ones w 0 confl.rme t e·presence 0 a 
9a,lOa- dial, from the osmium tetroxide oxidation of the 
. . /\ 9(10) correspondl.ng~ - compound, by the upfield position of 
the C-(13) methyl signal in the lH n.m.r. spectrum. A 9~-
hydroxy group would be expected, on the other hand, to have a 
de shielding effect upon the C-(13) methyl group. 
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DISCUSSION (ii) 
Preparation of 6a- acetoxy -3P- mcthoxy -5- ethenyl -19- nor -
~- androst - 9(10) - ene -17- one (134) from 3a - acetoxy -
17,17- ethylenedioxy - androst -5- ene - 19 - 01 (113). 
The purpose of this route in the androstane series was, 
ultimately, to establish the results, in the cholestane series, 
of Guest, Jones and Marples. 95 
Initially, it was envisaged that deuteriation of the C-(19) 
hydrogen atom in the aldehyde 37 (115), (prepared by the method 
outlined in the previous discussion, p.59) would be accomplished 
using the recently developed process of Seebach et al. 117 
The aldehyde (115) was allowed to react with 1,3- propane-
dithiol and boron trifluoride etherate in benzene - ether (1:1) 
to give the propane -1,3- dithiane derivative (122). .Ether 
was used, with benzene, as the solvent in order to decrease the 
efficiency of the boron trifluoride, which waS found to 
hydrolyse the C-(17) ethylenedioxy group when benzene alone was 
utilised. The aldehydic carbonyl peak was absent from the i.r. 
spectrum of compound (122). The lH n.m.r. spectrum confirmed 
OHC 
HO HO 
115. 122 
this absence as no aldehydic proton signal was observed at 
~ 0.33. The signals for the methylene protons of the propane 
- dithiane group were seen ss a multiplet at ~ 7.0-7.4, and, 
moreover, the C-(19) proton was present as a broad singlet at 
Deuteriation of the C-(19) hydrogen atom was attempted 
o 117 
using E- butyllithium and deuterium oxide at -70 C. ,but no 
incorporation of the deuterium was obtained, as confirmed by 
the persistence of the C-(19) proton signal, at ~ 4.9, in the 
la n.m.r. spectrum of the crude product. 
Therefore a mOdified deuteriation procedure was envisaged, 
which required the reduction of the C-(19) aldehyde group, in 
compound (115), with lithium aluminium deuteride,then re-
oxidation, with chromium trioxide - pyridine .in dichloromethanel14 
to give the deuteriated derivative of the aldehyde (115). As 
the strength of carbon - deuterium bond is about four times 
greater than that of the carbon - hydrogen bond, a deuterium 
incorporation of ~. 80 percent. was expected in the product 
(see later). 
As reduction of the aldehyde (115) would then have given 
the deuteriated derivative of the 3~,19- diol (113a), it was 
HO 
1130. 
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decided to first protect the 3~- hydroxy group by converting 
it to the methyl ether. However, the introduction of a 313-
methoxy group would give rise to a new series of compounds, 
so th.e route was completed using undeuteriated compounds, for 
the purpose of characterisation. 
Attempts to isolate the 3~- methoxy - bromohydrin (124) 
from androstenolone methyl ether (123), using N-bromoacetamide 
d hl " d' d . 113. ~ 1 an aqueous perc or~c ac~ ~n ~oxan ,were unsuccess.u • 
The decomposition of various bromohydrins is discussed in more 
detail later (Part III - Spontaneous decomposition of 5a-
bromo -6~- hydroxy - steroids). 
123. 
Br 
OH 
. 124. 
Therefore 3~- acetoxy -17,17- ethylenedioxy - androst 
-5- ene -19- 01 (113), prepared from 3P- acetoxy -5- bromo -
5a- androstan -6~- 01 - 17- onel13 (110) by the method of 
Bowers37 , was acetylated, using acetic anhydride in pyridine, 
to give the diacetate (125). No hydroxyl band was seen in 
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the i.r. spectrum of the product, whilst two singlets were 
present in the IH n.m.r. spectrum at 't 7.98 and 8.u, 
corresponding to the protons of the C-(19) and C-(3) acetate 
groups respectively. The signal for the C-(19) methylene 
protons was still seen as a quartet, now centred at 't 5.8, 
J .£.~. 12 Hz, having shifted downfield from 't 6.3, J E. 
12 Hz, in the IH n.m.r. spectrum of the 19- hydroxy 
precursor (113). This downfield shift is good evidence for 
the presence of the acetate group at C-(19). 
The diacetate was selectively hydrolysed, using 
anhydrous sodium carbonate in dry methanol, at room 
temperature, to give the 3~- hydroxy -19- acetate (126). The 
i.r. spectrum of the compound (126) contained a hydroxyl band 
at 3480.cm-l , whilst just one acetate group signal was 
observed in the IH n.m.r. spectrum, at 't 7.98 corresponding 
to the C-(19) acetate group. ~ quartet, for the C-(19) 
methylene protons, remained centred at 't 5.8 confirming the 
presence of the acetate group at that position. 
'£he hydroxy - acetate (126) Was allowed to react with p-
toluene sulphonyl chloI'ide in pyridine to afford the tosylate 
(127), which Was heated under reflux in methanol, without 
further purification, for 1 h.. The crude reaction mixture, 
after base hydrolysis to remove the C-(19) acetate group, was 
found to be a mixture of the 17- keto and 17,17- ethylenedioxy 
compoundr., by t.l.c. and spectral evidence. It was tile re fore 
re-ketalised, with ethane diol and 12- tolunesulphonic acid in 
benzene, under reflux, to give the ketal (128). 'l'he c-o 
stretching band for the methyl ether group was observed in 
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the i.r. spectrum of -1 the ketal (123), at 1095 cm ,as WaS 
the hydroxyl band at 3480 cm-l. Th ~ th th e presence 0" e me oxy 
group was confirmed by the signal at T 6.70 in the lH n.m.r. 
spectrum, which also showed the disappearance of the acetate 
signal at T 7.98. 
'l'he methyl ether (128) was oxidised, with chromium 
trioxide - pyridine in dichloromethane l14 to the aldehyde 
(129). -1 The aldehydic carbonyl band was seen, at 1720 cm , 
in the i.r. spectrum of the product (129) whilst no hydroxyl 
band was apparent at 3480 cm-l • 'rhe lJj n.m.r. ·spectrum 
contained a singlet at 't 0.3, corresponding to the aldehyde 
proton, and, moreover, no C-(19) methylene quartet was 
observed. 
Conversion of the aldehyde (129) to the lO~- ethenyl -
steroid (130) was effected with methyltriphenylphosphonium 
iodide and n-butyllithium in benzene37 • Purification, by 
column chromatography, save the vinyl compound (130). No 
aldehyde carbonyl band was observed in the i.r. spectrum of 
the product (130), and the lack of a signal at T 0.3, in the 
lH n.m.r. spectrum, confirmed this absence. The signals 
for the vinyl protons \~ere observed as a twelve linp., slif,htly 
distorted ABX pattern, between T 4.0-5.3. (Fig.l). 'rhe 
distinct quartnts were centred at T 4.25 (Hx)j 4.73 (HA) and 
Apparent coupline; constants were determined as 
J ca. 3 Hz, J. ca. II Hz and J t _ca. 16 Ilz, values eem - c~s - rans 
which are in good agreement with those reported for similar 
systems37 • 
The vinyl compound (130) was oxidised with an excess of 
monoperphthalic acid to give the epoxide (131), the 111 n.m.r. 
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spectrum of which contained a characteristic doublet at 
't 7.0, J ~. 3.5 Hz, corresponding to the c-(6) a- hydrogen 
atom. Hydrolysis of the epoxide (131), by the usual 
method, gave the diol (132) which was acetylated, as before, 
without purificotiori, to yield the hydroxy - acetate (133). 
'l'he intense bands at 1'120-1740 cm-l in thei.r. spectrum of 
compound (133) suggested the presence of both keto- and 
ester carbonyl groups, and the hydroxyl band WaS also 
4 -1 observed at 3 50 cm • The C-(6) methine proton signal, in 
1 the H n.m.r. spectrum, was masked slie;htly by the signals 
I 
of the vinyl AB protons, but the W~ value was estimated as 
£3!. 9 Hz, indicating the presence of an equatorial 
conformation for that proton. 'rhe acetate group was 
confirmed by the appearance of the singlet at 't 7.90. The 
quartet for the HQ<)n- vinyl proton was observed, downfield, 
. . 1 
centred at 't 3.55. compared to 't 4.25 in the I! n.m.r. 
spectrum of the epoxide (131), owing to the deshielding effect 
of the 6~- acetate group (Fig.2). 
The hydroxy - acetate (133) rearranged in sUlphuric acid 
acetic anhYdride - acetic acid75 , to the Westphalen 
derivative (134). No hydroxyl band was observed in the Lr. 
spectrum of the product (134). 1 In the H n.m.r. spectrum 
the H~) n- vinyl proton quartet had shifted upfield and was 
now observed, centred at 't 4.15, with apparent coupling 
constants determined as J . 
Cl-S 
10 Jlz and J t rans ~. 16 Hz 
Also the C-(13) methyl signal Was seen at 't 9.0, 
downfield from the 't 9.22 value apparent in the IH 
spectrum of the hydroxy - acetate precursor (133). 
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of these observations compare well with those in the III 
n.m.r. spectrum of the previous diacetoxy - rearranged 
product (121). Noreover, the C-(3) methoxy methine sienal 
in the III n.m.r. spectrum of product (134), at ~ 6.4-6.6, 
1 has a Wi: .IU!' 9 lIz, consist~mt with the C-(3) proton having. 
an equatorial conformation. This confirms that the 1013-
ethenyl eroup in compound (133) has migrated to the 513-
position in compound (134). Again the chemical shifts of 
the important peaks agree well with those of the analogous 
rearranged product in the cholestane series95 • 
For the deuteriation experiment, the methoxy - aldehyde 
(129) was reduced with lithium aluminium deuteride in ether, 
under reflux, to give the deuterio - alcohol compound (135). 
This was re-oxidised, as before, to the deuteriated aldehyde (136). 
No aldehydic proton was observed in the In n.m.r. spectrum of 
the product (136), at ~ 0.3. 
The 513- deuterio - ethenyl compound (141) was prepared 
from the deuteriated aldehyde (136) by the route discussed 
previously, via the deuteriated 1013- ethenyl compound (137), 
the 5n,6n- epoxide (138), 5n,613- diol (139) and 5n- hydroxy 
-613- acetoxy - derivative (140). 
Hass spectral analysis of the 313- methoxy -613- acetoxy 
.-19- deuteriated compound (140) and of the deuteriated 5~-
ethenyl product (141), resulting from the Westphalen 
rearrangement, showed ions at m/e 313, 312 correspondinc; to 
the do 16.5 percent., d1 83.5 percent. and do 16.2 percent., 
dl 83.8 percent. species of the fragment ions [H - (CIl3C()211 + 
+ + 1120») and [H - ·~H3C02H) respectively. The measurement on 
the mass spectrum of the acetoxy - compound (140) the~efore 
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showed a primary isotope effect of 5:1, which is within 
~he limits acceptable i.e. ~. 2-8. 'rhe primary isotope 
value, measured in the mass spectrum of the deuterio -
aldehyde (136), was calculated as_~. 3.5:1. It was, 
however, less reliable because the measurements involved both 
the [M - ClIO)+ and [M - CO]+ peaks, giving rise to inaccuracies. 
The deuterium content in the rearranged product (141) and 
precursor (140) were very similar, showing that all of the 
deuterium atoms are retained and no exchange with solvent 
occurs during the Westphalen rearrangement. 
The lH n.m.r. spectrum of the 5~- deuterio - ethenyl 
derivative (141) showed the two ~- vinyl proton signals at 
't 4.81 and 5.18, (Fig~5) having shifted upfield from 't E. 
4.6 and 4.95 respectively in the lH n.m.r. spectrum of the 
hydroxy - acetate (140) (Fig.4). 
From a computer assisted trace lH n.m.r. spectrum, 
where many scans are stored up and then recorded, in order to 
considerably enlarge the signals, the residual undeuteriated 
Ct- vinyl proton i.e. 16-17 percent. was observed as an 
analogous quartet, 't 4.19, (Fig.5) to that observed in the III 
n.m.r. spectrum of the undeuteriated Westphalen product (134) 
(see Fig.3 p.71). The apparent coupling constants were 
measured as J. E. 10.1 Hz and J t ca.-16.5 Hz, values c~s rans --
which correspond to those calculated previously (Fig.3), and 
therefore shows, contrary to the results reported previously95, 
that ill? scrambling of the deuterium atom has occurred during 
thi~ rearrangement. Also, if some scrambling.of the deuterium 
atom had taken place, an increase in intensity would be 
76 
. expected within the residual a- vinyl proton quartet, as two 
independent doublets, arising from the couplings shown inA 
and B, neglecting H-D interactions, would be observed at the 
.same chemical shift and therefore have a maximum coupling 
of 18 Hz. However,no change in intensity was observed.No 
definite evidence can therefore be put forward for the type 
of intermediate carbonium ion involved during the Westphalen 
rearrangement. Certainly the evidence presented earlier95 for 
the intermediacy of classical carbonium ions must be doubtful 
( see next discussion ) and the absence of scrambling could be 
. . 112 
regarded as indicating that non- classical ions are ~nvolved. 
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6 . 2 ~- acetoxy -3S- methoxy -5- etheny1 - H-19- nor -5S- . 
cho1est -9(10)- ene (155) from 3@- acetoxy -5- bromo -5a-
cholestan -6@- 01 (142).' 
As the results obtained from the deuterium labelling 
experiments' in the androstane series (see previous discussion). 
conflicted with the previous results.of Guest. Jones.and 
Marples. 95 it was decided to repeat the work in the cho1estane 
series using the deuteriation procedure adopted in the 
androstane experiments. Also the possibility of long range 
effects. due to the 17- carbonyl group inandrostenone, could 
not be overlooked. particularly as carbonium ions are involved. 
The alcohol (144) was prepared from the 3~- acetoxy -
bromohydrin (142) by the method of Kalvoda1l3 • via the ether (143). 
The acetoxy' - aldehyde (145) was obtained from the alcohol 
24 (144) according to the method of Akhtar and Barton ,hydrolysed 
to the hydroxy - compound (146) and then converted to the 3~­
methyl ether derivative (148tO:ia the 3~- tosylate (147). The 
2 5~- ethenyl - H- compound (155) was then prepared from the 3~-
methyl ether (148) by the route followed for the analogous 
conversion in the androstane series (see last discussion p.70) 
via the deuteriated alcohol (149). aldehyde (15df: 10~- ethenyl 
104 I( 
2H_ compound (151), the epoxide (152). diol (153) and methoxy -
aceta te (154). 
}!ass spectral analysis of the 3~- methoxy -10~- ethenyl 
2 2 
- H- 6~- acetate precursor (154) and of the 5~- ethenyl - H-
compound (155) showed ions at m/e 429. 428 and 411, 410 
corresponding to the dl 84.8 percent., do 15.2 percent. and 
'" 1. G. Guest, Ph. D. Thesis, Loughborough Uni veri sty of 'l'echnology, 
i971. 
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the dl 8
1f.5 percent., do 15.5 percent. species of the fragment 
ions [M-CH3C02Hj+ and [M-CH3C02Hj+ respectively. The 
measurement on the mass spectrum of the acetoxy - compound (154) 
showed a primary isotope effect of ~. 5:1, which is within 
acceptable limits. The results also show that all of the 
deuterium atoms are retained during the rearrangement, and no 
exchange with solvent occurs. 
The signals for the ~-vinyl and 6~-acetoxy protons in the 
IH n.m.r. spectrum. of the product (155), as in that of the 
corresponding androstane product (141), were observed up field 
again, thus confirming a 5~- steroidal configuration. 
The computer assisted trace ~ n.m.r. spectrum of the 
rearranged compound (155) showed the residual undeuteriated 
a- vinyl proton (~. 15 percent.) as a normal quartet, centred 
at ~ 4.2, J. ca. 10.5. Hz and J t ca. 17.5 Hz., associated C1S -- rans -
with an H~)proton of an ABX pattern. These values are almost 
identical with those obtained in the deuteriated androstane 
derivative (141) (see Fig.3, p.71). Also no change in intensity 
was observed in this residual undeuteriated proton quartet, so 
that E£ apparent scrambling of the deuteriated atom had 
occurred'during the Westphalen rearrangement of compound (154) 
to the product (155). This confirms the previous result. 
Similar conclusions, therefore, must be drawn concerning the 
type of carbonium ion involved. 
~'inally the rearrangement step was repeated, using exactly 
the conditions adopted by Jones95 , as slight discrepancies were 
found in the respective acid concentrations. The results 
obtained, however, were identical to the previous ones in this 
discussion. 
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EXl'BHHlEN~'AL 
Solutions were dried over anhydrous magnesium sulphate 
and solvents were removed in vacuo on a rotary evaporator. 
Plates (1 metre x 0.75 mm. thickness) of Kieselgel Pt' 254 
(Merck) were used for preparative t.l.c. 
I.r. spectra were determined with a Perkin-Elmer2S7 
spectrophotometer. IH n.m.r. spectra were determined, for 
solutions in deuteriochloroform (unless stated otherwise), at 
60 MHz, or at 90 MHz, with a Perkin-Elmer R.IO spectrometer, 
or R.32 spectrometer respectively. Mass spectra were recorded 
wi th AEI MS 902 and ~IS 12 spectrometers. 
Rotations were measured for solutions in chloroform at 
220 C. with a Bendix polarimeter 143C. Melting pOints are 
uncorrected and were measured using a Koff1er hot stage. 
(i) Preparation of 36,66- diacetoxy - 5 - etheny1 - 19 - nor 
5@- androst ~ 9(10) - ene - 17 - one (121) from 
androstenolone - 3 - acetate (43). 
17,17 - ethylenedioxy - 19 - methylene - androst - 5 - ene -
}6- 01 (116) 
A solution of..!l.- butyllithium (7.5 ml; 2.6 M in hexane) 
was added, under an atmosphere of nitrogen, to a suspension of 
freshly prepared methyltriphenylphosphonium iodide (7.8 g) in 
dry benzene (250 ml.). The mixture was stirred, at room 
temperature, for two hours and then the hYdroxy-aldehYde37 (1l5) 
(2.5 g), in dry benzene (100 ml.) was added, dropwise, over 1 h. 
The reaction mixture was stirred overnight, then heated, under 
reflux, for 4 h •• After dilution with water, the organic 
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layer waa aeparated and dried. Removal of the solvent, 
followed by column chromatography of the crude product, on 
ailica gel (150g) using ethyl acetate - benzene (1:5), gave 
the vinyl compound (116) (1.9 g.) m.p. 149-1500C. (from 
methanol) i [CL] D + 
-1 
57.70 (c, 1.5); ~ 1170 (C-O) and max. 
3460 (-OB) cm ~ 4.3-4.5 (m, = CH), 4.28, 4.72, 5.05 
(vinyl -3H, Jgem £!1:. 3Hz;Jcia ~ 12 HZi Jtrana £!1: 16 Hz), 6.12 
(s, (- 0 - CH2 )2)' 6.2 - 6.7 (m, - CHOH), 9.2 (a, 13 - CH3). 
(Found: C 76.4; H 9.70. C22H3203 requires C 76.7; H 9.36 
percent.). 
5.6CL - epoxy - 17.17 - ethylenedioxy - 19 - methylene - 5CL -
androstan - 3~ - 01 (117). 
An ethereal aolution of the vinyl compound (116) (1.1 g. 
in 100 ml. ether) waa set aaide overnight, at room temperature, 
with an excess of monoperphthalie acid (75 ml; 0.7M in ether). 
The solution was washed with aqueous aodium hydrogen carbonate 
solution, until neutral, and dried. Removal of the solvent 
gave the crude epoxide, the bulk of which was used without 
further purification. A small aample (£.(!, 100 mg.) waa/ 
crystallised from dichloromethane - ether - petrol (40-60), 
o 
m.p. 132-3 C.; 
and 3460 (- OH) 
[ CL] D 
-1 
cm 
o 
- 100.~ (e, 0.82);~ 1170 (C-O) max. 
~ 4.0 ~ 5.2 (m, vinyl -3H), 6.25 
(s, (-0-CH2 )2 ), 6.2 - 6.5 (m, - CHOH), 7.1 (d, O""'CH -),9.35 
(s, 13 - CH3). (Found: C, 73.00; H 9.00. C22H3204 requires 
C, 73.3; H 8.95 percent.). 
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3~ - acetoxy - 5,6a - epoxy - 17,17 - ethylenedioxy - 19 -
methylene - 5a - androstane (118). 
A solution of the crude epoxide (117) (800 mg.) in pyridine 
(3 ml.) and an excess of acetic anhydride (1.4 ml.) was heated 
on a steam bath for 2 h •• The solution was 'poured on to 
crushed ice, and stirred for 1 h. Filtration, followed by 
washing of the ,solid with water, and drying ~n vacuo, over 
potassium hydroxide pellets, afforded the~o;y-acetate (118) 
(800 mg.). m.p. l35-6°c. (from methanol); [~ - 1010 (c, 1.0); 
,) 1170 (C - 0, ketal), 1250 (C-O, ester) and 1735 (C = 0) Vmax. 
1 / 
cm- 't 4.0 - 5.4 (m, vinyl - 3H; - CHOAc), 6.18 (s, (-0-CIl2)2)' 
7.0 (d, O"'"CH), 8.03 (s, - OAc), 9.3 (s, 13 - CH3 ). (Found: M+ 
402.2404. C24H3405 requires M+ 402.2406.) 
3@- acetoxy - 19 - methylene - 5a ~ androstan - 5,6p- diol -
17 - one (119). 
A solution of the epoxy-acetate (1l8i (800 mg.)and aqueous 
perchloric acid (60 percent.; 10 drops) in ethylmethylketone 
(25 ml.) was allowed to stand, at room temperature, for 15 min •• 
The solution was diluted with ether, and washed with aqueous 
sodium hydrogen carbonate solution, until neutral, then dried. 
Removal of the solvent gave the diol (119), which was used 
without further purification. 
3~,6~- diacetoxy - 19 - methylene - 5a -androstan - 5- 01 -
17 - one (120). 
A solution of the diol (119) (600 mg.) in pyridine (3 m1.) 
and an excess of acetic anhydride (1.4 ml.) was heated on a 
/ 
steam bath for 2 h •• The solution was poured on to crushed 
ice, and extracted with chloroform. The chloroform extracts 
were washed with dilute hydrochloric acid (2 x 10 ml.), aqueous 
sodium hydrogen carbonate solution, until neutral, then dried. 
Removal of the solvent, followed by purification of the. crude 
product by preparative t.l.c. (ether; x 2) gave the diacetate 
_(120) (400 mg.) m.p. l08-9°C. (from dichloromethane - petrol 
(40-60»; [~lD + 24.80 
1740 (C = 0) and 3490 (-0 
(c, 6.0);~ 1250 (C-O), 1720-
max. 
) -1 II cm. 'I" 3.52, 4.62, 4.93 
(3 q, vinyl - 3H; Jgem ~ 2.5 Hz; Jcis ~ 11 Hz; Jtrans 
~ 17 Hz); 4.1 - 5.2 (m, (masked), - CHOAc (x 2) ), 7.90 
(s, 6- OAc), 8.00 (s, 3- OAc), 9.25 (s, 13 - CH3 ). (Found: 
M+ 418.2332. C24H3406 requires M+ 418.2355). 
3~,6p - diacetoxy - 5 - ethenyl - 19 - nor - 5a - androst -
9(10) - ene - 17 - one (121). 
A solution of sUlphuric acid in glacial acetic acid 
(4 ml; 0.25M) was added to a solution of the diacetate (120) 
(300 mg.) in acetic anhydride - glacial acetic acid (22 ml; 10 
percent.) at 30 - 35°C. The solution was stirred for 30 min., 
then poured into brine, and extracted with chloroform. The 
extracts were washed with aqueous sodium hydrogen carbonate 
solutio.n, until neutral, then dried. Removal of the solvent, 
followed by purification of the crude product by preparative 
t.l.c. (ether - petrol (40-60); 2:1; x 2) gave the I-Iestphalen 
~jvstiye (121) (60 mg.). m.p. 146 - 7°C. (from methanol); [al D 
+ 166.80 (c, 0.225);:V
max
• 1240 - 1260 (C-O), and 1730 - 1745 
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(C = 0); ~. 4.25 (q, vinyl - lH, Jcis ~ 10.5 Hz; Jtrans ~, 
16.5 llz), 4.6 - 5.4 (m, vinyl - 2H, - CHOAc; x 2), 7.95 
(s, 6 - OAC) , 8.00 (s, 3-0Ac), 9.0 (s, 13 - CH3). 
(ii) 17,17- ethylenedioxy - 19 - propane - 1,2- dithiane -
androst - 5 - ene - 3~ ~ 01 (122). 
Propane - 1,3 - dithiol (0.8 ml.) and boron trifluoride 
etherate (0.8 ml.) were added to a solution of the hydroxy -
aldehyde (115) (600 mg.) in dry ether - benzene (250 ml; 1:1) • 
. The solution was stirred at room temperature for 30 min., 
washed well with aqueous sodium hydroxide solution (2N.), 
water, and finally dried. Removal of the solvent, followed 
by preparative t.l.c. (benzene - ether, 1:1) yielded the 
dithiane derivative (122) (450 mg.). [aln - 30.50 (c, 5.15); 
V ll70 (C-O) and 3430 (-OH) cm-\ ~.4;25 - 4.5 (m, = CH), max. ' . 
6.15 (s, (-O-CH2)2)' 5.9 - 6.2 (m, - CIIOH) , 6.9 - 7.7 
(m, - CH2- (CH2S)2-)' 9.1 (a, 13 - CH3 ). (Found: [M- (CII2 )3 
S2H I + (100 percent.) 329.2115'C24H3603S2 requires 
[H - (CH2)392HI+ 329.2117). 
Preparation of 6a- acetoxy - 3a - methoxy - 5 - ethenyl -
19 - nor - 5a - androst - 9(10) - ene - 17 - one (134) from 
3B- acetoxy - 17,17- ethylenedioxy - androst -.5 - ene - 19 -
01 (lW. 
lB, 19- diacetoxy - 17,17- ethylenedioxy - a.ndroat - 5 - ene (1.25). 
A solution of the hydroxy - acetate (113) (10 g,) in 
pyridine (30 ml·.) and an excess of acetic anhydride (14 m!.) was 
heated on a steam bath for 2 h •• The reaction mixture was then 
poured on to crushed ice, and extracted with chloroform. 
The extract a were washed withdihrte hydrochloric acid 
(2 x 25 ml.), aqueoua aodium hydrogen carbonate solution, 
until neutral, then dried. Removal of the solvent gave the 
diacetate (125) (10 g.) m.p. 102 - 4°c. (from methanol); 
[ ~jD - 99.50 (c, 1.125);~ 1165 (C-O ketal), 1250 (C-O ester) 
. max. 
and 1720 - 1735 (C = 0); ~ 4.3 - 4.5 (m, = CH), 5.8 (q, - CH2-
0, Jgem ~ 12 Hz), 6.15 (s, - (0 ~ CH2 )2)' 7.98 (s, 19 - OAc), 
8.0 (s, 3 - OA c), 9.12 (s, 13 - CH3). (Found: C 69.95; 
n 8.70. C25H3606 requires c69.42; H 8.39 percent.) (Found: 
[M - CH3C02Hj + (100 percent.). 372.2308. C25H3606 requires 
! M - CH3C0 2Hj + 372.2301). 
19- acetoxy - 17,17- ethylenedioxy - androat - 5 - ene - 3~ -
01 (126). 
Anhydrous sodium carbonate (5 g) was added to a methanolic 
solution of the diacetate (10 g. in 150 ml.) and the suspension 
stirred overnight, at room temperature. After dilution with 
water, the solution was extracted with chloroform, and the 
organic extracts dried. Removal of the solvent gave the 
hydroxy - acetate (126) (6 g) m.p. 95 - 97°C. (from aqueous 
acetone); 
max. 
1160 (C-O ketal), 
1240 CC - ° ester), 1735 (C = 0) and 3480 (- OH) -1 cm 
- 4.55 (m, = CH), 5.8 (q, - CH2- 0 -, Jgem ~ 12 Hz), 6.15 
(s, - (0 - CH2)2)' 6.0 - 6.6 (m, - CHOH), 7.98 (a, - OAc), 
9.13 (s, 13 - CH 3). (Found: C 70.90; I! 9.00. C23H3405 
requires C 70.74; H 8.78 percent.). 
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12- acetoxy - 3!l - tosyl - 17,17- ethylenedioxy - androst -
5 - ene (127). 
A solution of the hydroxy - acetate (126) (5 g) and.:e.-
toluene sulphonyl chloride (20 g) in pyridine (100 ml.) was' 
allowed to stand at room temperature overnight. The 
solution was poured on to crushed ice, and stirred for 1 h., 
When the solids were filtered, washed well with water. and 
dried, in vacuo, over potassium hydroxide pellets. 'l'he crude 
tosylate (127) was used without further purification. V 
rnax. 
810, 865 (~- disubstituted benzene), 1175, 1360 (- S02- 0 -), 
1200 - 1250 (C - O) and 1735 (C = 0). ciii;''t 2.15 - 2.75 (m, -
OTs), 4.35 - 4.55 (m, = CH), 5.83 (q, - CH2- 0 -), 6.13 
(s, - (0 - CH2 }i ' 6.0 - 6.25 (m, - £!!OTs), 7.58 (s, CH3 -
PhS03H), 8.0 (s, - OAc), 9.15 (s, 13 - CH3). 
3!l- methoxy - 17,17 - ethylenedioxy - androst 5 - ene -
19 - 01 (128). 
A solution of the tosylate (127) (5 g) in dry methanol 
(100 ml.) was heated, under reflux, for 2 h., cooled, diluted 
with water and ether extracted. The ethereal extracts were 
washed with aqueous sodium hydrogen carbonate, then dried. 
Removal of the solvent gave an oil, which was heated for 30 
min. under reflux, in a methanclic potassium hydroxide 
solution (2 percent.; 100 ml.). The cooled solution was 
diluted with water, extracted with ether, and the extracts 
dried. Removal of the solvent afforded a mixture which was 
dissolved in benzene (150 ml.), with ethanediol (15 ml.) and 
~-toluenesulphonic acid (200 mg.), and heated, under reflux, 
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under anhydrous conditions, for 18 h. Isolation of the solid 
in the usual manner gave the methoxy - ketal (128) (3.5 g.) 
m.p. 167 _ l700 c. (from methanol); [a.]n - 76.50 (c, 1.15); 
-1 
,1 1095 (C-O ether), 1165 (C-O ketal), 3480 (-OH) cm ; 
V max. 
~ 4.2 - 4.4 (m, = CH), 6.15 (s, - (0 - CH2 )2)' 6.25 
(q _ CH
2 
- 0 (masked), 6.70 (s, OCH3), 6.7 - 7.2 (m, -
CHvCH
3
), 9.1 (s, 13 - CH 3). (Found: C 72.90; H 9.50. 
() . C 72 89' H 9.45 percent.). C22H34 4 requ~res .,
3~- methoxy - 17,17- ethylenedioxy -19- oxo - androst -5-
ene (129). 
Chromium trioxide (3.2 g.) was added to a stirred 
solution of pyridine (4.8 g.) in dichloromethane (70 ml.). 
stirring was continued for 30 min., after which a solution of 
the hydroxy - ketal (128) (2 g.) in dichloromethane (30 ml.) 
was added in one portion. After a further 30 min., the 
reaction mixture was filtered, and the residue well washed with 
ether. The filtrate, and washings, were then washed successively 
with aqueous sodium hydroxide solution (2N), di1. hydrochloric 
acid (2N), aqueous sodium hydrogen carbonate solution, and 
finally· brine. The solution was then dried, and subsequent 
removal of the solvent gave the aldehyde (129) (1.4 g.) 
128. - 1300 C. (from methanol); [a] n - 2580 (c, 0.385); \l 
1095 (C - 0 ether), 1165 (C - 0 ketal) and 1720 (C = 0); 
m.p. 
max. 
0.3 (- CHO), 4.05 - 4.25 (m, = CH), 6.15 (s, - (0 - CH2 )2)' 
6.70 (s, - OCR3), 6.7 - 7.2 (m, - CHOCH3), 9.2 (s, 13 - CH3). 
(Found: C 73.20; H 9.00. C221l3204 requires C.73.30; H 8.95 
percent.). 
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3@- methoxy - 17,17 - cthylenedioxy - 19 - methylene -
androst - 5 - ene (1}0). 
A solution of 1!,- butyllithium (2 ml.; 2.3 H in hexane) 
was added, under an atmosphere of nitrogen, to a suspension 
of methyltriphenylphosphonium· iodide (2 g.) in benzene 
(100 ml.). The clear solution was then stirred for 2 h. at 
room temperature, after which a solution of the aldehyde (129) 
(1 g.) in benzene (50 ml.) Was added, dropwise over 30 min.·. 
stirrinG was continued overnight, then the reaction mixture 
was heated, under reflux, for 4 h •• After dilution with 
water, the organic layer was separated and dried. Hemoval 
of the solvent, followed by column chromatography of the 
crude product, on silica gel (5Og.) elutine with ethyl acetate 
- benzene (1:5), gave the pure vinyl compound (130) (500 mg.) 
m.p. 116 - 118°c. (from methanol); [~lD + 15.60 (c, 0.6) 
V 1100 (C - 0 ether) and 1165 (C - 0 ketal); ~ 4.25, 
rnax. 
4.73, 5.05 (3q, vinyl - 3H, Jgem ~ 3 Hz; Jcin ~ 11 Hz; 
Jtrans ~ 16 Hz), 6.13 (s, - (0 - CH2)2)' 6.7 - 7.0 
(m, - CIIOCH3), 6.68 (s, - OCH3 ) , 9.25 (s, 13 - CH3). 
(Found M+ 358.2514. C23H3403 requires M+ 358.2508). 
5,6~ - epoxy - 3P- methoxy - 17,17- ethylenedioxy - 19 -
methylene - 5~ - androstane (111). 
An ethereal solution of the vinyl compound (130) (400 mg. 
in 50.ml. ether) was allowed to stand overnight, at room 
temperature, with an excess of monoperphthalic acid (60 mli 
0.3 M in ether). The solution was washed with aqueous 
sodium hydrogen carbonate solution, until neutral, then dried. 
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Removal of the solvent, followed by prepc.rative t.l.c. of 
the crude product (ethyl acetate 
- ben~enc, 1 :.5) yielded 
the epoxide (131) (150 mg.) 0 (from m.p. 102 - 3 C. 
dichloromethane - ether - petrol (40-60); [exlD - H8° 
(c, 1.6); I) 1100 (C - 0 ether) nnd 1165 (C - 0 ketal) 
. max. 
~ 4.25. 4.62, 5.00 (3q, vinyl - 3R, Jgem ~. 3 Rz; Jcis ~ 
-1 
cm 
10.,5 Rz; J trans ~ 16.5 Rz), 6.18 (s, - (0 - CR2 )2)' 6.35 -
6.8,5 (m, - CllOCH3 ), 6.73 (s, - OCH3 ) , 7.0 (d, 0 "'''CH, J ca 
3.,5 lIz), 9.30 (s, 13 - C1I3). (Found: M+ 374.24,53. 
C23H3404 requires 374.24,57) • 
36- methoxy - 19 - methylene - Sex - androstan - 5,6B -
dial - 17 - one (132). 
Aqueous perchloric acid (0.05 ml.; 60 percent.) was 
added to a solution of the epoxide (131) (1,50 ·mg.) in ethyl 
methylketone (20 ml.), and the solution was allowed to stand 
at room temperature for 15 min •• After dilution with ether, 
the solution was washed with aqueous sodium hydrogen carbonate 
solution, until neutral, then dried. Removal of the solvent 
gave the diol (132) which was acetylnted without purification. 
6p- acetoxy - 36- methoxy - 19 - methylene - 5a - androotan -
5 - 01 - 17 - one. (133). 
A solution of the crude diol (132) (120 mg.) in pyridine 
(1 ml.) and an excess of acetic anhydride (0.3 ml.) was heated 
on a steam bath for 2 h •• The usual work-up gave a crude 
product, which was purified by preparative t.l.c. (ethyl 
acetate - benzene, 1:1; x 3) to afford the acetate (133) (80 mg.) 
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[1 51. 60 ( ) "\ \ n D + c, 3.5 ; v max. 1090 (C - 0 ether), 1250 
(C - 0 ester), 1720 - 1740 (C = 0) and 3450 (- OH) cm-l ; 
vinyl - 3H, J gem.£!! 3Hz; J~is.£!! 11 Hz; . 
. , 
5.2 (m, (masked), - CHOAc (W1:.£!! 9· Hz) ), Jtrans ca 17 Hz), 5.0 -
. , . 
6.1 - 6.6 (m, VII ~ 25 Rz, - CHOCR3), 6.75 (s, - OCH;;), 7.90 
(5, - OAc) , 9.22· (5, 13 - CH 3) (Found: M+ 390.2397. 
C23H3405 requires N+ 390.2406). 
~acetoxy - 3@ - methoxy - 5 - ethenyl - 19 - nor - 513= 
androst - 9(10) - ene - 17 - one (134). 
To a stirred solution of the methoxy - acetate (133) (70 
mg.) in acetic anhydride - glacial acetic acid (10 percent.; 
3 ml.) at 30 - 35°C. was added a solution of 
acid - acetic anhydride (0.25 M; 0.6 ml.). 
sulphuric 
The solution 
was stirred for a further 15 min., when the reaction mixture 
was. poured in to brine and extracted wi th chloroform. The 
chloroform extracts were washed with aqueous sodium hydrogen 
carbonate solution, until neutral, then dried. Hemoval of 
the solvent gave .the Iyeetphalen derivative (134) (40 mg.). 
~
m.p. 148 - 150°C. (from methanol); [nlD + 174° (c, 0.525); 
" 1085 (C - 0 ether), 1250 (C - 0 ester) and 1725 - 1740 l'max. 
-1 (C = 0)cm,'t4.15, 4.79, 5.15 (3q, vinyl - 3H, Jgem .£!! 3Hz; 
Jcis .£!! 10.5 Hz; Jtrans.£!! 16 Hz), 4.8 - 5.3 (m (masked), -
CHOAt); 6.4 - 6.6 (m, wI ~ 10 Hz, - CHOCH3), 6.73 
(s, - OCH,)' 7.95 (e, - OAe), 9.0 (s, 13 ~ CH3). (Found: 
C 73.9; H 8.8. C23H3204 requires C 74.16; H 8.66 percent.). 
Sll 
Preparation of 6~- acetoxy - 3~ - methoxy - 5 - ethenyl -
2 
_H - 19 - nor - 5@- androst - 9(10) - ene - 17 - one (141) 
from 313- methoxy - 17.17- ethy1enedioxy - 19 - oxo - androst -
5 - ena (129). 
36 - methoxy - l7.l7-"ethylenedioxy - 19_2n - hydroxy -
androst - 5 - ene (135). 
An ethereal solution of the methoxy - aldehyde (129) 
(400 mg. in 50.ml. ether) was added slowly to a stirred 
suspension of lithium aluminium deuteride (50 mg.) in ether 
" 0 (10 ml.), at - 10 C. The etherea"l suspension was allowed 10 warm 
to room temperature, then heated under reflux for 30 min •• 
Ethyl acetate .was added, cautiously, the reaction mixture 
was filtered and the filtrate was dried. Removal of the 
solvent afforded the deutero-alcoho1 (135) (360 mg.). 
1 4.15 - 4.35 (m, = CH), 6.12 (s, - (0 - CH2 )2)' 6.65 
(s, - OCH3>, 6.7 - 7.2 (m, -CHOCH3 ), 9.08 (s, 13 - CH3). 
2 ~methoxy - 106- formyl - J/ - 17,17- ethy1enedioxy -
androst - 5 - ene (136). 
The deutero - alcohol (135) (350 mg.) was oxidised with 
chromium trioxide - pyridine in dichloromethane. Work-up 
gave thedeutero - aldehyde (136) (300 mg.) 1 4.05 - 4.2 
(m, = CH), 6.15 (s, - (0 - CH2 )2)' 6.70 (s, - OCH3 ), 6.50 -
6.90 (m, - CHOCH3), 9.20 (s, 13 - CH3 ). 
2 3P- methoxy - 10p- ethenyl - H- 17,17- ethylenedioxy -
androst - 5 - ens (137). 
The deutero - aldehyde (136) (300 mg.) was converted to 
the deuteriated vinyl compound (137) (190 mg.) using the 
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standard '.Iittie; reuction conditions adopted previously for 
(130). 1: 4.35-4.55 (m, = CIl), 4.7-4.9 (m, vinyl - lll), 5.0 
-5.2 (m, vinyl - lll), 6.15 (s, - (0 - CH2 )2)' 6.72 (s, -
OC1I3 ). 6.6-7.2 (m. - CHOCH3).9.25 (s, 13 - CH3 ). 
, 2 3~- methoxy - 5.6a- epoxy - 10~ - ethenyl - H-17.l7-
ethylenedioxy -5(1- androstane (138). 
The deuteriated epoxide (137) was prepared from the 
deuteriated vinyl compound (137) (150 mg.) using an ethereal 
monoperphthalic acid solution, as before. The crude epoxide 
(138) (130 mg.) was hydrolysed without further purification. 
3a- methoxy -lOa- ethenyl .:. 2H - 5(1 - androstan -5,6@ - diol 
-17-one (139). 
The crude ~poxide (138) (130 mg.) was hydrolysed with 
perchloric acid in ethylmethylketone, and the resulting crude 
diol (139) (100 mg.) was acetylated crude. 
2 6p- acetoxy -3~- methoxy ~10§- ethenyl - H- 5(1- androstan -5-
01 -17- one (140). 
Acetylation of the crude diol (139) (100 mg.) with acetic 
anhydride in pyridine gave,after the usual work-up, a crude 
product, which was purified by preparative t.l.c. (ethyl 
acetate - benzene, 1:1; x 3) to give the pure methoxy - acetate 
(140) (50 ms.). 1: 4.5-4.7 (m, vinyl - lH), 4.9';5.0 (m, vinyl -
IH), 5.0-5.15 (m, - CHOAc). 6.73 (s, - OCH3 ), 7.90 (s, - OAc), 
9.23 (s, 13 - CH3). 
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6{l- acetoxy - 3{l - methoxy - 5 - e theny1 - 21! - 19 - nor -
5{l- androst - 9(10) - ane - 17 - one (141). 
The Westphalan derivative (141) was prepared under 
standard conditions of sulphuric acid - acetic anhydride 
- acetic acid. The crude product was purified by 
preparative t.1.c. (ether - petrol (40 - 60); 2:1; x 2) 
to give the pure rearranged compound (141) (15 mg.). 
~ 4.80 - 4.84 (m, vinyl - 1H), 5.14 - 5.22 (m, vinyl - lH), 
5.08 - 5.36 (m, - CHOAc), 6.4 - 6.6 (m, - CHOCR3 ), 6.72 
(s, - OC1I3 ) , 7.95 (s, - OAc), 9.01 (s, 13- CH3). 
Prllllaration of 6~- acetox;y: - ~~- methox;y: - :2 - cthen;Y:l -
2 H_ 12 
-
nor - .2~- cholest - 2(10~- ene ~155) from ~~-
acetox;L 
- :2 - bromo - 2a - cholestan - 6~- ol. \1422 
2~- mathoxl - l~ 2 - 1I - h:z:drox::£ - cholest - 2 - ene (1 422. 
An ethereal solution of the methoxy - aldehyde 1011 (148) 
(2.5 g. in 200 ml. ether) was added slowly to a stirred 
suspension of lithium aluminium deuteride (250 mg.) in"ether 
The reaction mixture was allowed to 
warm to room temperature, then heated, under reflux, for 30 
min •• After cooling, ethyl acetate was added cautiously to 
decompose the excess lithium aluminium deuteride. The 
mixture was filtered, and the filtrate dried. Removal of 
the solvent gave the deuterated alcohol (149), the bulk of 
which was re-oxidised without further purification. A small 
sample (~. 100 mg.) was crystallised from methanol. m.p. 
160 - 162 C.; [al n - 25.5
0 (c, 1.00);V 1090 (C - 0 ether) 
max. 
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and 3480 (- OH) -1 cm 't 4.2 - 4.4 (m, = CH), 6.8 - 7.2 
(m, - CHOCH3), 9.3 (s,.13 - CH3 ). (Found: C, 80.1; H 11.5. 
C28H4602n· requi:o:-ea C, 80.,8; H 11.15 percent.). 
2 3S- methoxy - 19 - ethenyl - H - 5a - choleatan - 5.6a-
diol. (15}.h 
A solution of the deutenated epoxide (152) (750 mg.) and 
aqueous perchloric acid (60 percent.; 6 dropa) in 
ethylmethylketone (25 ml.) was allowed to stand at room 
temperature for 15 min. The solution was washed with aqueous 
sodium hydrogen carbonate solution, until neutral, then dried. 
Removal of the aolvent gave the deuterated diol (153) (400 mg.) 
m.p. 204 _ 5°C. o (from aqueous methanol); [al
n 
+ 41.5 
(c, 2.18);» . 
max. 
1095 (C - 0) and 3460 (;. OH) cm-l 't 4.65 
- 4.75 (m, vinyl - l~), 4.90 - 5.10 (m, vinyl - lH), 6.2 - 6.4 
(m, wt ~ 7 I1z, - CHOH), 6.70 (a, - OCH3 ), 9.40 (a, 13 - CH3 ). 
(Found: C, 77.80; H 11.6. C29H4903D requires C, 77.80; 
H, 11.48 percent.). 
68- acetoxy - 38 - methoxy - 19 - ethenyl _2H - 5a -
cholestan - 5 - 01 (154). 
A solution of the diol (153) <350 mg. )in pyridine (3· ml.) 
and an excess of acetic anhydride (0.9 ml.) waa heated on a 
steam bath for 2 h •• The solution was poured on to crushed 
ice, and extracted with chloroform. The chloroform extracta . 
were waahed withdilute hydrochloric acid (2N; 2 x 5 ml.), 
aqueous sodium hyd,rogen carbonate, until neutral, and finally 
dried. Removal of the aolvent, then purification by 
preparative t.l.c. gave the pure deutenated methoxy - acetate 
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( c, 2.6);» 1100 (C - 0 
max. 
ether), 1250 (C - ° ester), 1730 (C = 0) and 3520 (- OH) -1 cm 
't If.60 - 4.75 (m, vinyl - IH), 4.95 - 5.05 (m, vinyl - IH), 
5.10 - 5.20 (m, wt £!! 6 Hz, - CHOAc), 6.20 - 6.60 (m, wr £!! 
25 lIz, - CHOCR 3), 6.72 (s, - OC1I3), 9.40 (s, 13 - CH3). 
(Found: ~l,.. (AcOII + H20») + (100 percent.) 411. C31H5104D 
requires [11-(ACOH + H20)] + 411). 
6e- acetoxy - 3~- methoxy - 5 - ethenyl _2R - 19 - nor - 5~ -
cholest - 9(10) - ene (155). 
A solution of sUlphuric acid in glacial acetic acid 
(0.25 N; 1.3 m1.) was added to a stirred solution of the 
deute~ted methoxy - acetate (154) (150 mg.) in acetic 
anhydride - glacial acetic acid (10 percent.; 7 ml.), at 
Stirring was continued for 30 min., after which the 
solution was poured into brine, and extracted with chloroform. 
The chloroform extracts were washed with aqueous sodium 
hydrogen cllrbonate solution, until neutral, and dried. Hemoval 
of the solvent, followed by preparative t.l.c. of the crude 
product (ethyl acetate - benzene; 1:2; x 3) gave the pure 
Westphalen derivative (155) (60 mg.) as an oil. [al D + 112.0
0 
(c, 1.26);)) 1085 (c - ° ether), 1250 (C - ° ester) and 
max. 
1725 (C = O)Ciiil,T4.74 - 4.90 (m, vinyl - HIl, 5.04 - 5.26 
(m, vinyl - lH; - CHOAc), 6.44 - 6.64 (m, WI E. 10 llz, -
CHOCH3 ), 6.72 (s, - OCIl3), 7.97 (5, - OAc), 9.20 (s, 13 - CH3 ). 
(Found: 1}1-AcOH]+ (58 percent.) 1nl; [H-(AcOH + CH3UII)] 
(lCv percent.) 379. C31H49()3lJ requires [M-AC()II~+ 1111). 
6@- acetoxy -3~- methoxy -5- ethenyl - 2H_ 19- nor -5a-
Eholest -9(10)- ene (155). 
(usinG precisely the conditions of J.G.Ll. Jones). 
A solution of sUlphuric acid in glacial acetic acid 
(4 g. in 25 ml; 0.15 ml.) was added to a stirred solution 
of the deuteriated methoxy - acetate (154) in acetic 
anhydride - glacial acetic acid (1.5 ml. in 9ml.), at 
• 30-35 c. After 30 min., the reaction mixture was worked up as 
before, and preparative t.l.c. of the crude product gave the 
Westphalen derivative (155) (60 mg.) as an oil. Spectral 
data as before. 
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PART III 
Spontaneous decomposition of some 5n- bromo - 6~­
hydroxy - steroids 
INTRODUCTION 
The inability to isolate 3~- methoxy - 5a - bromo -
androstan - 6~ - 01 - 17 - one (121f), from the treatment 
of 3~- methoxy - androst - 5 - one - 17 - one (123) with 
N- bromoaoetamide and aqueous perchloric acid, in dioxanl13 , 
during the route to the preparation of the 3~- methoxy - 5~ -
ethenyl - 19 - nor -compound (134), prompted us to 
investigate this apparent decomposition more fully, and 
subsequently to investigate the possible decompositions of 
related 3~- methoxy bromohydrins. 
123. Br OH 
124. 
CH 
11 OAe 
C~ 
134. 
We had also unsuccessfully attempted to crystallise the 
3~- acetoxy - bromohydrin (110) from methanol, a solvent which 
has been reported as being suitable24 • Consequently some 
possible decompositions of related 3~- acetoxy - bromohydrins 
were also investigated. 
Aea 
OH 
110. 
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The methyl ethers, (123) (156) and (157), were treated 
with N- bromoacetamide and aqueous perchloric acid, in 
o dioxan, at 15 - 20 C. Attempted crystallisation of the .crude· 
reaction mixtures was, in each case, unsuccessful. 
From one such attempt, using methanol, the product from 
cholesteryl methyl ether (156) gave, after preparative t.l.c., 
the rnethoxylated compounds (161) and (162). n.m.r. 
spectrum of compound (162) showed a multiplet at ~ ~. 6.15 
, . 
(111 ca. 6Hz), due to the C- (6) methine proton. The half 
band width value was indicative of an equatorial proton. 
'l'wo singlets were observed at ~ 6.68 and 6.88, corresponding 
to the C-(3) and C-(S) methoxy groups respectively. The 
C-(3) methine proton signal was seen as a broad multiplet, 
obscured somewhat by the methoxy signals. 
The dimethoxy compound (162) could be derived from the 
bromohydrin (158), according to Scheme 6. 
R 
Scheme 6, 
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OH 
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OCH 3 
156. /3-CaH17) H 161. 
123. 0 
157. ,8-CH3CO)H 
CH30 
CH30 
Br OH CHP OH 
R R 
158. ,B-CaH,7, H 162 ,8- CsH,7 ) H 
124. 0 163 0 
159. ,8-CH3CO, H 164 j3-CH3CO, H 
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.'fhe 3~,6fi- dimethoxy - compound (161) sho>!ed a sharp 
1 
multiplet in the H n.m.r. spectrum, at ~ ~. 7.1, 
corresponding to the c-(6) methine proton, and the half 
band >!idth value, ~. 6 Hz, confirmed the expected 
equatorial conformation. Again two singlets >!ere observed, 
at ~ 6.68 and 6.75, due to the C-(3) and c-(6) methoxy 
groups respectively. This dimethoxy compound (161) was 
positively identified by its comparison with an authentic 
sample, prepared by the reaction of the 5a,6a- epoxide86 
(165) with boron trifluoride etherate in methanoll18 • 
The crude reaction mixture from the attempted 
preparation of bromohydrin (158) was purified, by preparative 
t.l.c., without attempts to induce crystallisation. The main 
products isolated were the 5a,6a- and 5~,6~- epoxide mixture 
(165 + 168), and the 5~- hydroxy - 6a - bromo - compound 
(171) • 
As the 5a,6a- epoxide (165) was present in this crude 
reaction mixture, then it is possible that the isomeric 
dimethoxy compound (161) could originate in a similar manner 
to (162), according to Scheme 6, although it appears doubtful 
whether the·5a- hydroxy - 6~- bromo- compound, which seems 
to be the logical precursor, could account for all of the a~ 
epoxide produced. 
The epoxide mixture was hydrolysed to the 5a,6~- dioll19 
(174) with aqueous perchloric acid in ethYlmethylketone68 • 
Analogous 5a,6a- and 5~,6~- epoxide mixtures and 5~- hydroxy 
- 6a- bromo- compounds were obtained from preparative t.l.c. 
of the crude reaction mixtures resulting from the attempted 
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CH30 
168. 
169. 
170. 
165. 
166. 
167 
R 
,8-C8H17 ,H 
o 
13- CH3CO I H 
R 
fi-CsH17 ,H 
0 
(3- CH3CO,H 
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171 
172 
173 
CH30 
174 
175. 
176. 
177 
OH:, 
Br 
R 
,8- C8Ht7 ) H 
o 
. f3-CH3cO, H 
OH 
OR 
R R1 
H ~-CsH17' H 
H 0 
H fi- CH 3CO, H 
Ac 0 
preparations of the bromohydrins (124) and (159), with N-
bromoacetamide and aqueous perchloric acid in dioxan. 
Again the respective epoxide mixtures were hydrolysed to 
the 5a.6~- diols. The diol (175) was converted to the 
methoxy-acetate (177), by treatment with pyridine and acetic 
anhydride, for the purposes of characterisation. These 
results are summarised in Table 1. 
Table 1 
6,5_ compound Epoxide mixture 51l-hydroxy Hydrolysis 
-6a- bromo product from 
compound epoxide mixture 
156 165 + 168 171 174119 
123 166 + 169 172 175 
157 167 + 170 173 176121 
(175) converted to the acetate (177) 
The lH n.m.r. spectra of the a- and Il- epoxide mixtures 
contained characteristic signals for both the c-(6) 13- methine 
and a- methine protons, at ~ ~. 7.1 and 6.95 respectively. 
Each was observed as a doublet, with respective apparent 
coupling constants of ~. 4 Hz and ~. 2.5 Hz., which are in 
115 good agreement with reported values for simila·r systems • 
The lH n.m.r. spectra of the 513 - hydroxy - 6a - bromo -
compounds, (171) (172) and (173), showed multiplets at ~ ~. 
5.5 - 6.0, corresponding to the 0-(6) methine proton, and at 
~ ca. 6.3, (wt ~. 9 Hz), due to the 0-(3) methine proton. 
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The half band width value, ~. 9 Hz, confirms both the 
equatorial conformation of the C-(3) methine proton and, 
moreover, the 5~- stcroidal configuration. The peak at 
't 5.5, as it was exchangeable ~lith deuterium oxide, was 
considered to be the hydroxyl proton signal. The mass 
spectra of compounds (171) and (173) showed no molecular ions, 
whilst that of (172) contained a weak molecular ion. All had 
intense peaks corresponding to [M-Brt and [H-HBrj+. It 
seems likely that these 5P- hydroxy - 6~ - bromo - compounds 
are formed by diequatorial cleavage of the. intermediate 5~, 
6~- bromonium ion120• 
The low stability of the 3~- methoxy - 5~ - bromo - 6~­
hydroxy compounds, (158) (124) and (159), contrasts with that 
reported for the corresponding 3~- acetoxy - 5~- bromo - 6~­
hydroxy- compounds, (142)113 (110)122 and (160)123. Each of 
these 3~- acetoxy-bromohydrins were, indeed, isolable from 
the treatment of the 3~- acetoxy -~ - ene compounds with 
N-bromoacetamide and aqueous perchloric acid in dioxan. 
However both the cholestane derivative (142) and the 
androstane derivative (110) were rapidly decomposed in 
boiling methanol, giving the 3~,6~- dihydroxy - 5~ - methoxy -
6 . 
compounds, (181)9 and (182) respectively. Some of the 
. 7· 124 
corresponding 3~- acetoxy - compounds, (178)5 and (179) 
were also isolated. The lH n.m.r. spectrum of (182) showed 
the c- (3) and c-(6) methine protons signals superimposed at 
't 6.0 - 6.4. The 5~- methoxy singlet was observed at 't 6.87. 
The mass spectrum of this methoxy - diol showed a molecular 
ion at a measured m/e 336.2312. 
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- HO -Br 
OH Br 
. OCH 3 
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142 
.8-C8H17} H 190. 0 
110. 0 191- ~- CsH17 , H 160. {3-CH3CO, H 
RO 
-
CH30 RO OH 
R Rl R Rl 
178. Ac fi-CSH17 ) H '84. Ac 
.,8- CSH17' H 179. Ac 0 185. Ac 0 
180. Ac frCH3CO, H 186. Ac P-CH3CO, f-181. H {3-C8H17I H 187. H ,8-CSH17 I f-182 H 0 188. H 0 
183. H 13- CH3CO, H 189. H f3 .... CH3CO/' 
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The decomposition of (110) ';'a5 repeated in methanol, 
at 450 C, and was followed by t.l.c., which showed that the 
first-formed product was the 3P- acetoxy - 5p,6~_epoxide125 
(185) (according to Scheme 6). The reaction was terminated 
when the bromohydrin(nO) had been exhausted, at which 
poin t the reaction mixture was shown , by t •. 1. c. ,to contain 
the 3P- acetoxy-5c.-methoxy-compound(179), the 3~: - hydroxy -
derivative of this (182) , and the 3P - hydroxy - 5~,6~­
.126 
epox1de (188). It was apparent, therefore, that the 3jc·-
acetoxy - 50. - bromo - 6~- hydroxy - steroids are not as 
stable as had previously been believed. We decided, therefore, 
to attempt a comparison of the relative stabilities of the 
3P - acetoxy - bromohydrins ,(142) (110) and (160) • Some 
incentive was also gained from the observation of Julia 
et al. 127 that the androstane derivative (190) ,readily 
decomposes , unlike the cholestane derivative (191) .It was 
also envisaged that any lone - range effects , which might 
uril1e from the C - 17 substituent , could be compared by 
utilisinG the 3~. - acetoxy - bromohydrins in the androstane, 
preEnane and cholestane series. Indeed ,investigations in 
these laboratories123, and by others129 , have previously 
shown that long - range effects can be important in 
determinine; the course and I or rate of a reaction. 
The use of methanol, both at reflux and at 450 C., was 
considered to be unsatisfactory , because of the generation 
of hydrobromic acid during the reaction • Therefore' the 
reactions were carried out in methanol saturated with sodium 
hydrogen carbonate. 'rhe products, after preparative t.l.c. 
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of the crude reaction mixtures from the methanolyseo, at 
reflux, of the 3~- acetoxy-bromohydrins, (142) (110) and 
(160) were the 3~- acetoxy - 5~,6~- epQxides (184)130 . 
(185)125 and (186)131, the 3~- hydroxy - 5~,6~- epoxides 
(187)13°, (188)126 and (189)126, the 313- acetoxy - 5a -
57 124 132 
methoxy - compounds, (178) ,(179) and (180) and the 
3~- hydroxy - 5a- methoxy - compounds, (181)96, (182) and 
(183). The lH n.m.r. spectrum of (183) showed similar 
peaks to that of (182), in that the important signals were 
observed at t 6.0 - 6.4 (m, - CHOR; x 2) and t 6.88 
The C-(3) and c-(6) methine proton signalo 
were again superimposed. The mass spectrum of (183) showed 
a weak molecular ion at m/e 364. 
The formation of the methoxylated products was 
encouraging, as the possibility of the reactions being base 
catalysed, by the sodium hydrogen carbonate, could not be 
excluded. However, it was considered to be negligible 
because of the low solubility, and the weak basicity, of the 
sodium hydrogen carbonate, which would then act almost 
entirely as a scavenger for the liberated hydrobromic acid. 
1'he production, therefore, of the methoxyl compounds implies 
that proton removal, from the first-formed protonated epoxide 
(Scherne6), and subsequent attack by the solvent, occur at 
similar rates. 
A comparison of yields of products obtained from the 
10? 
methanolyses reactions, at reflux, is given in Table 2. 
'rable 2 
l1ethanolyses with sodium hydrogen carbonate, at reflux. 
5a.-bromo-61l- Products [percentage yieldsJ 
hydroxy- f---
compound 
5J3,6f3-epoxide 5a-methoxy-61l-hydroxy 
- compound 
-. 
-
18/t 130 [ 7 J 178 57 [ 53 J 
142 96 
187 130 [ 2 J 181 [ 13] 
-- --
f--
185 125 [12] 179_ 124 [ 36 J 
110 
188 126 [34J 182 [ 18 J 
f------_.-
. 
186 131 [ 6 J 180132 [28 J 
160 
139 126 [29 J 183 [ 21] 
Each reaction waS followed by t.l.c. and found to be 
complete, by the disappearance of the bromohydrin, after ca. 
-. 
20 min., in each case. No real estimate of differences in 
reactivity could therefore be made, and SO identical reaction 
mixtures were shaken vigorously, at 45°C. Work-up, followed 
by preparative t.1.c., after 1 h., gave only the 31l- acetoxy 
- 51l,61l- epoxide~, (184), (185) and (186), with some 
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unchaneed bromohydrin, (142), (110) and (160) respectively. 
Some purely qualitative estimate of the degree of reaction 
could thus be made. This, however, was made slightly more 
unconvincing by the discovery that the 3~- acetoxy -
bromohydrins decompose somewhat on standing on silica gel. 
Estimates of the reaction times were made by repeating 
these experiments, under identical conditions, and 
monitoring each one by t.l.c. until no starting material 
remained. The results are summarised in Table 3. 
Table 3 
Hethanolyses with sodium hydrogen carbonate, at 45°C. 
5~-bromo-6~-hydroxy percent. ~-epoxide Estimated total 
- compound formed after 1 h. reaction time 
142 71 1.75 h. 
110 49 2.0 h. 
160 52 1.5 h. 
In conclusion, the 3~- methoxy - 5~ - bromo - 6~ - hydroxy 
- steroids were found to be very unstable, whilst the 3~-
acetoxy- compounds, although easily isolable, decompose quite 
readily in methanol. The inability to even isolate some 
3~- acetoxy - 4,1+- dimethyl - bromohydrins, from treatment of 
the 6 5_ ene precursors, \1i th N- bromoacetarnide and 
aqueous perchloric acid in dioxan, has recently been 
reported 133. The extra instability is due, in part, to 
some type of steric relief, obtained by formine;' the epoxide, 
from the 1.3- diaxial interations of both the C-(lO)'and 
4~- methyl groups with the 6~- hydroxy group, and perhaps to 
a lesser extent between the departing C-(5)- bromine atom and 
the 4a- methyl group. 
The variation of the C-(17) sUbstituent did not appear 
to have any major effect on the rates of the methanolyscs 
reactions. The spontaneous decomposition of the bromohydrins 
involves the ionisation of the C-(5)-Br bond and so an 
accumulation of positive charee at C-(5) is probable. In this 
respect a 3- methoxy substHuent is less likely to inductively 
inhibit this process than a 3- acetoxy substituent. Similar 
effects have been found in these laboratories 128, where 
highly electroneGative substituents at C-(3) and C-(17), in 
5,6- epoxides, suppress C-(5) carbonium ion rearrangements. 
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j,XFGIUHLN1'AL 
Solutions were dried over anhydrous magnesium sulphate 
and solvents were removed in vacuo on a rotary evaporator, 
Plates (1 m. x 0.75 mm. thick) of Kieselgel PF 254 (Merck) 
were used for preparative t.l.c. 
l.r. spectra were determined with a Perkin-Elmer 257 
spectrophotometer. IH n.m.r. spectra were determined, 
for solutions in deuteriochloroform (unless specified 
otherwise), at 60 HHz with a Perkin-Elmer R10 spectrometer. 
Hasa spectra were recorded with AEI MS 902 and MS 12 
spectrometers. Rotations were measured for solutions in 
chloroform at 220 with a Bendix polarimeter l43C. Melting 
points are uncorrected and were measured using a Koffler hot 
stage. 
Attempted preparation of 5- bromo - 6@- hydroxy - 3@ - methoxy 
-7a- cholestane (158), 5- bromo - 6p- hydroxy - 3@ - methoxy -
5a- androstan - 17 - one (124), and 5 - bromo - 6B - hydroxy -
3~- methoxy - 5a - pregnan - 20 - one (l~ 
Aqueous perchloric acid (0.4ml; 60 percent.) was added to 
a stirred solution of the 3~- methoxy _1\5_ compound (156), (123), 
o 
or (157) in redistilled dioxan (50 ml.) at 15-20. N-
bromoacetamide (0.4 g) was added over a period of 5 min., after 
which the reaction mixture was allowed to warm to room 
temperature. After a fUrther 2 h., the solution was cooled to 
+5°, and aqueous sodium thiosulphate (25 ml, 10 percent.) was 
added. After being shaken for 10 min., the reaction mixture 
was extracted with chloroform, and the extracts were waahed 
with aqueous sodium hydrogen carbonate solution and dried. 
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Removal of the solvent gave the crude product. 
Preparative t.l.c. of the crude product from 3~- methoxy 
- cholest - 5- ene (156) (0.5 g), in ethyl acetate:benzene 
(1:5) gave 6a- bromo - 5- hydroxy - 3~ - methoxy - 5~- cholestane 
(171) (100 mg), m.p. 163-1650 (from dichloromethane,ether, 
petroleum ether b.p. 40_600 ) [ct]n +180 (c, 0.9),)) 3460 
max. 
E<lH) cm.~1 't 5.4-5.8 (m, -CHBr), 5.61 (s, 5-0H), 6.3 (ni, W1: 
~. 9 Hz, -CHOCH3), 6.65 (s, -OCH3), 9.04 (s, .10-CH3) and 9.33 
(s, 13-CH3) (Found: [M-Br]+ (78 percent.) 417; [M-HBr]+. (100 
percent.) 416.3641 C28H4902Br requires 417; 416.3654), and 
an impure fraction (154 mg) containing the 5ct,6ct- epoxide (165) 
.and the 5~,6~- epoxide (168). Further t.l.c. of thia fraction 
in ether:petroleum ether (b.p. 40:60) (1:1) gave a mixture (50 mg) 
of the epoxide a (165) and (168) 't 6.68 (s, 3-UCH3), 6.5-6.9 
(m, -CHOCH3), 6.95 (d, J ~. 2.5 Hz, -HCII.1I0), 7.1 (d, J ~. 
4 Hz, -HC-O), 8.96 (a, 10-CH3'5a ), 9.02 (s, 10-CH3 , 5~), 9.36 
(a, 13-CH3 , 5~) and 9.39 (s, 13-CH3, 5a). 
Preparative t.1.c. of the crude product from 3~- methoxy -
androat - 5- en -17- one (123) (0.4 g) in ether: petroleum 
ether (b.p. 40-60) (3:2) gave 6ct- bromo -5- hydroxy'-3S- methoxy 
5@- androatan -17- one (172) (65 mg), ,m.p. 187-1890 (from 
dich10romethane, ether, petroleum ether b.p. 40_600 [ajn + 
730 (c, 0.55),~ 3460 E<lH) and 1740 (C=O) cm.,-1 't 5.3-5.8 
max. 
J. (m, -CHBr), 5.57 (a, 5-0H), 6.30 (m, W~~. 9 Hz, -CHOCH3). 
6.65 (a, -OCH3) 9.01 (a, 10-CH3), and 9.14 (s, 13-CH3), M+. 
(1 percent.) 398,400, [M-Br] + (100 percent.) 319.2273. [M-HBr] +. 
(60 percent.) 318. C20H3103Br requires [M-Brj+ 319.2273. 
O'ound: C, 60.5; H, 7.9 C20H3103Br require a C, 60.15; H, 7.8 
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percent.) and two fractions (49 mg) and (230 mg) which 
. contained the 5~,6~- epoxide (166) and the 5~,6~- epoxide 
(169). The smaller and less polar fraction was not purified 
further; further t.1.c. of the larger and more polar 
fraction in ether:petro1eum ether (b.p. 40-60) (1:1; x 6) 
yielded an additional quantity (88 mg) of the mixed epoxides 
(166) and (169) ~ 6.5-7.0 (m, -CHOCH3 ), 6.65 (s, -OCH3) 6.9 
(d, J ~. 2.5 Hz, -IIC'"'O) 7.02 (d, J ~. 4 Hz, -HC-O). 8.93 
(s, 10-CH}' 5~), 8.99 (s, 10-CH3,5~), 9.15 (s, 13-CH3, 5~), 
and 9.18 (s, 13-CH3, 5~). 
Preparative t.l.c. of the crude product from 3~- methoxy 
- pregn - 5- en -20- one (157) (0.5 g) in ethyl acetate: benzene 
(1:5) gave 6~- bromo-5- hydroxy -3~- methoxy -5~- pregnan -20-
one (173) (30 mg) m.p. 170-1730 (from dich10romethane, ether, 
petroleum ether b.p. 40_600 ) V 3460 foH) and 1720 (C=O) 
max. 
-1 I 
cm., ~ 5.3-5.8 (m, -CHBr, 5.60 (s, 5-0H), 6.30 (m, WT £.!!. 
9 Hz', -CHOCH3),6.65 (s, -OCH3 ), 7.80 (s, -OAe), 9.03 (5, 
10-CH3), and 9.40 (5, 13-CH3) (Found: [M-Brj+ (53 percent.) 
347.2575,[H-HBrj+. (28 percent.) 346, [CH3COj+. (100 percent.) 
43. C22H3503Br requires [M-Br]+ 347.2586) and epoxide impure 
fraction (178 mg) containing the 5~,6a- epoxide (167) and the 
5~,6~- epoxide (170). Further t.l.c. of this fraction in 
ether:petroleum (b.p. 40:60) (1:1) gave a mixture (85 mg) of 
the epoxides (167) and (170) ~ 6.69 (s, 3-0CH3), 6.4-6.9 
(m, -CHOC1I3), 6.94 (d, J ~. 2.5 Hz, -lIC'"' 0), 7.09 (d, J ~. 
4 lIz, -IIC-O), 7.91 (s, -OAe), 8.96 (s, 10-CH3, 5~)t 9.02 
(s, lO-CH3, 5~), 9.41 (s, 13-CH3, 5~), and 9.43 (s, 13-CH3,5~). 
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. 5(1,613- dimethoxy ·-5- hydroxY-5a- choleGtane (161) and 3@, 
.2.=.-.dimethoxy -6B- hydroxy -5a;- cholestane (162). 
A dry methanol solution of the crude products from the 
above reaction of the 3(1- methoxy - 6,5_ compound (156) 
(0.5 g) with N- bromoacetamideand aqueous·perchloric acid 
.was heated, under reflux, for 30 min. . The solution was 
diluted with ether, washed with sodium hydrogen carbonate 
solution, and dried. Removal of the solvent, followed by 
preparative t.l.c. in ether:petroleum ether (b.p. 40_600) (1:1), 
gave the 3~,6p- dimethoxy - compound (161) (120 mg), m.p. 130-
1320 (from methanol), [aID - 280 (c, 0.8),')) 3450 (-OH) and 
. max. 
1090 (C-O) cm.,-l 't 6.2-6.6 (m, 3-CHOCIl3), 6.68 (s, 3-0CH3 ), 
6.75 (s, 6-0CH3), 7.08 (m, w±~. 6 Hz, 6-CHOCH3), 8.92 
(s, lQ-CH3 ), and 9.33 (s, l3-CH3) (Found: C, 77.5; H, 11.7. 
C29H5203 requires C, 77.6; H , 11.7 percent.), and the 3a-5a;-
dimethoxy - compound (162) (200 mg), m.p. 144_1460 (from 
methanol) [aID - 100 (c, 1.85)V 3430 toR) and 1080 (C-O) 
max. 
-1 ~ 
cm., 't 6.16 (m, Wz ~. 6 Hz, -CHOH), 6.68 (s, 3-0CH3), 6.88 
(s, 5-0CH3), 6.5-7.0 (m, -CHOCH3), 8.83 (s, lO-CH3 ), and 9.33 
(s, 13-CH3) (Found: C, 77.8; H, 11.8. C29H5203 requires 
C, 77.6;H, 11.7 percent.). 
Treatment of a solution of 5,6a- epoxy -3(1- methoxy -5a-
cholestane86 (0.5 g) in methanol (20 ml) with boron 
trifluoride:ether compiex (0.5 ml) at room temperature for 1.5 
h., followed by normal work-up and preparative t.l.c., gave 
the is,6S-dimethoxy - compound (161) (270 mg) m.p. 128-1300 , 
[aID;" 280 • 
114 
!!;{.d,olysis of 3(l=_m~thoxy -5,6- epoxide mixtures. 
A solution of the epoxide mixture in ethyl methyl l(etone 
(25 ml) was treated with aqueous perchloric acid (5 drops; 
60 percent) and allowed to stand at room temperature for 5 
min. The reaction mixture was diluted with ether, washed 
with sodium hydrogen carbonate solution, and dried. Removal 
of the solvent gave the crude 5a.6~- diol which was purified 
by preparative t.l.c. in ethyl acetate. 
1'11e mixture of epoxides (165) and (168) (45 mg) gave 
5,6~- ,dihydroxy - 3~- methoxy -5a- cholestane (174) (25 mg) 
° 4 4° . 119 4° m.p. 151-153 (from methanol) [aln - • (11t. m.p. 15 
[aID - /t.8°). 
The mixture of epoxides(166) and (169) (88 mg) gave 
5,6~- dihydroxy - .3~- methoxy -5a- androstan -17- one (175) 
Acetylation with an excess of acetic 
anhydride in pyridine followed by normal work-up gave 6~-
acetoxy -5- hydroxy -3~- methoxy -5n- androstan -17- one (177) 
m.p. 193-1950 (from acetone/petroleum ether b.p. 40_60° ), 
+ 7.90 ( c, 0.75),)) 3480 fOH), 1740 ( 0=0), 1225 (0-0), 
max. 
and 1095 (0-0) cm.,-l T 5.2.3 (m, wiQ;!. 6 Hz, -OHOAC), 6.3-
6.7 (m, -01l00H3), 6.68 (s,-00H3), 7.92 (s,-OAc), 8.92 (s, 
10-CH.3)' and 9.10 (s, 13-CH3) (I"ound: C, 69.5; H, 9.2. 
°22113405 requires C, 69.8; H, 9.05 percent.). 
The mixture of epoxides (167) and (170) (85 mg) gave 
5,613- dihydroxy -3fl- methoxy -5a- pregnan -20- one (176) (65 
mg) m.p. 194-196° (from methanol) [aID + 25° (c, 1.0) lit.121 
m.p. 192-194°, [aID + 39.3°), V 3440 ~H), 1705 (0=0), 
. max. 
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1090 (c-O) -1 cm. t T 6.2-6.7 (m, -CHOCH3 ), 6.48 (m, -CHGH), 
6.68 (s, OCll}) , 7.90 (s, -OAc), 8.84 (s, 10-CH3), and 9.36 
(s, 13-CH3). 
Decomposition of the 3P- acetoxy - bromohydrins (142) and 
(110) in $ethanol. 
A solution of 3~- acetoxy -5- bromo -6~~ hydroxy -5n-
cholestane (142) (200 me) in dry methanol (32 ml) was heated 
und·er reflux for 2 h. 1'he solution was diluted with water 
and extracted with ether. The ether extracts were washed 
with sodium hydrogen carbonate solution and dried. Hemoval 
of the solvent gave the crude product (150 mg), which,after 
t.l.c. in ethyl acetate:benzene (1:5), gave 3P,613- dihydroxy -
;,:- methoxy -5n-
methanol), [Cl] D 
o 
chCilestane (181)(110 mg) m.p. 197-199 (from 
o . . 96 8 0 0.5 (c, 1.4) (ht. m.p. 19 -199 , [n] D 
GO) and 3~- acetoxy -613- hydroxy -5- methoxy -5tt- cholestane 
(178) (15 mg) m.p. 149-151° (from methanol), [nlD - 23.80 
(c, 1.58) (lit.57 m.p. 152-154°, [nlD - 1190 ). The very 
large difference in[ttl D between compounds (181) and (178) 
Deems unreasonable from a comparison of the figures for 
compounds (182) and (179), and (183) and (180). 
A solution of 3P- acetoxy -5- bromo -6p- hydroxy -5n-
androstan -17- one (110) (100 mg) in dry methanol (12.5 m!) 
was heated under reflux for 1 h. and worked up as above. 
Preparative t.l.c. of the crude product (60 mg) in ethyl 
acetate:benzene (2:1) gave 3.p-613- dihydroxy -5- methoxy -5n-
.. a;;.:n",dc:.r..;.o",s.:.t;;.:a;;;;n_-1::.7:...-_o:.:n",e:.... (182) (20 mg) m.p. 251-2520 (from methanol) , 
O.25),V 3440 ~H) 1740 (C=O) and 1080 (C-O) 
: max. 
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-1 ( cm. , ~'ound: t,j + 336.2312. 
336.2jOl) and 3S- acetoxy -6S- hydroxy -5- methoxy -.5n-
androstan -17- one (179) (30 mg) m.p. 198-2000 (from methanol), 
o ). 124 0 [n]D + 13 (c, 0.95 (l~t. m.p. 201-203 ). 
A solution of the bromohydrin (110) (200 mg) in dry methanol 
(25 ml) was shaken in a water bath at 45°. Monitoring of the 
reaction by t.l.c. showed that 3~- acetox~ -5,6S- epoxy -5~-
androstan -17- one (169) was formed initially. After 7 h. 
the bromohydrin (110) had disappeared and the products were 
3P,6S- dihydroxy -5- methoxy -5(1- androstan -17- one (182), 
3P- acetoxy -613- hydroxy -5- methoxy -5n- androstan -17- one 
(179), and 3P- hydroxy-5,6p- epoxy -5P- a~drostan -17- one (188). 
DeJ1.,9mposi,!;ion of the 3P- a!;etoxy - bromohydrins (142.2...J 110) 
~nd (160) in methanol/sodium hydrogen carbonate at reflux. 
A solution of the bromohydrin (200 mg) in methanol (25-
30 ml.) saturated with sodium hydrogen carbonate (100 mg) was 
heated under reflux for 1 h. The reaction mixture was diluted 
with water and extracted with ether. The ether extracts were 
washed with aqueous sodium hydrogen carbonate solution, dried, 
and evaporated to yield the crude product which was separated 
into its components by preparative t.l.c. in ethyl acetate: 
benzene (1: 3). 
'.rhe bromohydrin (142) gave 313- acetoxy -.5,613- epoxy ~5P­
chole.stane (184) (12 mg) m.p. 110_1120 (from methanol), [nlD 00 
(c, 1.09) 1it.126 m.p. 109_1120 , [n]D 00 ), 5,6~- epoxy -313 -
hydroxy -5n- cholestane (187) (3 mg) m.p. 128_1290 (from 
o . 126 8 0 [ 1 methanol),[n]D + 7.8 (c, 0.7, (l~t. m.p. 12 -131, n D + 
90 ), 313- acetoxy -613- hydroxy -5- methoxy -5a- cholestane (178) 
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(97 rne),57 and 3~,6~- dihydroxy -5- rnethoxy _?a- cholestane 
(181) (21 rng)96. 
The bromohydrin (110) ffave 313- acetoxy -5.68- epoxy-
5~- ~ndrostan -17- one (185) (20 mg) m.p. 185-187° (from 
acetone:petroleum b.p. 40_60° ) [aID + 40.50 (c, 2.67) 
(l 't 125 1 • m.p. 
-58- androstan 
186-107° , a) D + 41°), 
-17- one (188) (49 ms) 
acetone~petroleum 
5,68- epoxy - 38- hydroxy 
m.p. 158-1600 (from 
: 126. 6 0 ° (11t. m.p. 1 1-164 , [aID + 58 ), 3P- acetoxy -6~- hydroxy 
-5- methoxy -5a- androstan -17- one (179) (64 mg) m.p. 198-
200° (from methanol), la] D + 13.2u (c, 0.95) (lit.124 m.p. 
201-203°), and 3P,6p- dihydroxy -5- methoxy -5a- androstan -1'/-
0.82 ) ~ (29 mg). 
The bromohydrin (160) gave 3~- acetoxy -5-,613- epoxy -5p-
° pregnan -20- one (186) (10 mg) m.p. 133-135 (from acetone-
petrol) [a]v + 51 0 (c, 2.15) (lit. 131 m.p. 133-135°, [a) D + 
520 ), 5, 6p- epoxy -.3P- ,hydroxy -5P- prer;nan -20- one (189) 
(42 mg) m.p. 17~-1800 (from acetone-petrol) [aID + 66° 
(c, 0.68) (lit.126 m.p. 180-184°, [a] D + 68°), 
I 3~- acetoxy -613- hydroxy -5- methoxy -5a- pregnan - 20- one 
(180) (50 mg) m.p. 229-230° (from methanol), [aID + 210 
(c, 1.03) (lit.132 m.p. 234-236°), and 3P,6p- dihydroxy -5-
methoxy -5a-pregnan -20- one (183) 03 mg) m.p. 235-237° 
(from methanol), [aID + 44.20 (c, 0.6), ~ 6.0-6.4 
(m, 3-CHOH, 6-CHOH), 6.19 (s, OCH3), 7.95 (s, -OAc), 8.95 
(s, 10-CH3 ), and 9.37 (s, 13-CH3) (}'ound: C,72.1; H, 10.0. 
C22H3604 requires C, 72.5; H, 9.95 percent.). 
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Decomposition 01 the 3§- acetoxy - bromohydrins (14.?l.,.JlJ...Q.h 
~U160 ill....ll!!.!hD.noll,!3~m hydrogen carbonate ~~_~ 
A 0.018711 solution of the bromohydrin (200 mg) in dry 
methanol· sa tura ted 'wi th sodium hydrogen carbona te (100 rn1',) 
was immersed and shaken in a water bath at 4;;0 for 1 h. ,Iork-
up in the usual manner afforded a mixture of 5P.6~- epoxide 
and starting material which was separated by preparative t.l.c. 
in ethyl acetate:benzene (1:5). 
The bromohydrin (142) gave the 38- acetoxy -5~.6~- epoxide 
(184) (120 mg) and starting material contaminated with this 
epoxide (16 mg). 
The bromohydrin (110) save the 313- acetoxy::51l.68- epoxide 
(185) (80 mg) and starting material contaminated with this 
epoxide (60 mg). 
The bromohydrin (160) gave the 3~- acetoxy -5~,61l- epoxide 
(186) (86 mg) and starting material contaminated with this 
epoxide (49 me). 
'rhese experiments ~Iere repeated and the disappearance of 
the starting material was followed by t.l.c. (see Table 3 earlier). 
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fl!..armacologicalTesting of ..§ll-=--~cetoxy - 3/.l, 5- oxaethano -l,.2:: 
!!9.!_:5.1:2..I}ENs!: ..... :::_.9(lO)- ene .-1:;- 0~_(2.!!) and 3p,6f:S-
di~~~~=2- etEenyl-19- nor =2~~-9ndrost -9(10) - ene -17- on~ 
a 
Aea 
a Ac 
54. 
1. Mouse Antifertility Screen 
.,-....,./'" 
HC 
I1 
H2C 
121. 
HC 3 
aAc 
a 
In this screen mice are dosed for 5 days pre-coitally and 15 
days post-coitally. For each compound a group of three 
mice are used and they are dosed either orally or 
subcutaneously at a dose level of 50me/ke/day. The mice 
are examined on day 17 post-coitus to determine the effect of 
the compound on fertility. 
(54) 50mg/kg/day orally. 
(121) 50me/ltg/day orally. 
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Inactive. 
Inactive. 
·2. In vitro Rat Uterus Screen 
The uterus from a rat in dioestrus when suspended in a 
suitable medium exhibits spontaneous contractions. These 
contractions can be inhibited by Frostaglandin synthetase 
inhibitors, such as Indomethacin •. This Indomethacin -
blocked uterus is suitable for examining the smooth 
muscle stimulant activity of unknown compounds. 
Alternatively by stimulating this blocked uteruG with known 
smooth muscle stimulants. such as prostaglandin F2". the 
ability of compounds to antagonise the induced contractions 
can be measured. 
percent. INHIBITION 
COMPOUND DOSE 
SPONTANEOUS PGF2" OXY'rOCIN 
)le/ml CONTRACTIONS INDUCED INDUCED 
-.-
(54) 0.5 
-
27.4 
-
1.0 0 21.5 
-
5.0 
-
30.9 30 •0 
10.0 0 31.2 100.0 
. 
(121) 0.5 0 0 
-
1.0 0 32.5 24.1 
5.0 ·0 52.6 
-
10.0 0 100.0 
-
(121) did not inhibit acetylcholine-induced contractions at a 
dose level of 10vg/ml. 
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, 
(54) was not tested against acetylcholine-induced 
contractions. 
Thus, both (54) and (121), antagonised the stimulation of 
rat uterus smooth muscle by prostaglandin F2 ,and oxytoxin. 
, IX 
However, (121) had no effect on the stimulation induced by 
acetylcholine. 
Dr. F. Cassidy/jac 
17.9.73· 
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